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Mpepucnosue

8 aBrycta 2019 r. B lome mexayHapoaHbix coBelaHnin OUAN B [lybHe cocTosnca Hay4HbIl
cemuHap «3KCnepumeHTaNbHble meToabl bU3MKK yactmuy, NOCBALLEHHbI
85-1eTu1I0 BblAaloOLLLEroca Poccuiickoro yyeHoro Mrops AHatonbeBuya MronytesmHa.

B paboTe ceMuHapa NPUHAAW yvyacTUe pAg, U3BECTHbIX YYeHbIX Kak U3 Poccuu, Tak n us-3a
pybexa. C goknagamu BbicTynuau: Muxann Utkuc (suue-gmupektop OUAU), PobepTto KapauH
(pykoBoauTens  konnabopaumm  CMS), Anatonmii  3apybuH  (HavyaNbHUK  Hay4HO-
3KcnepumeHTanbHoro otaena ¢omsmkm Ha CMS, OUNAN), Makcum ly3eBuY (BeayLinii Hay4HbI
coTpyaHuUK YHuBepcuteTa JlnoHa), MNasen ge bapbapo (BeAywmit HayyHbI COTPYAHUK U3
Poyectepckoro yHuBepcuteta, CLUA), Uropb OpemuH (3aBeaytowmii nabopatopuein GusnKu
BbICOKMX 3Hepruii PUAH), Oner TepsaeB (HaYaNbHUK HAYYHO-IKCMEPUMEHTANLHOIO OTAENA
OUBUKM CTONIKHOBEHUI TAXENbIX MOHOB Ha Komnaekce NICA OUAN).

B ocHOBHOM A0KNaAbl 6bl/IM NOCBALWEHbI METOANYECKUM pa3paboTkam ana yctaHoBku CMS m
du3MYecKMM pesynbTaTam, MOJlyd4eHHbIM Ha 3TOM ycTaHoBKe. Hambonee 3HauUTENbHbLIM
pes3ynbTaTtoM fABWUAOCb OTKPbITME 6030Ha Xurrca COBMECTHO C Konnabopauueinn ATLAS.
ObcyRpannuce nNpegnoXKeHua Mo AanbHenlwen MogepHM3auuM YCTaHOBKM M Nporpamme
bu13nyecknx nccneaoBaHnin. Bo Bcex goknaaax 6oin oTMeveH orpomHblIv Bkaag U.A. TonyTeuHa B
co3aaHune KpynHenwero getektopa CMS Ha bonbwom agpoHHoMm Konnaiaepe B LLEEPH.

Nropb AHaTO/IbeEBMY YCMELIHO PYKOBOAWA U NPOLOJIKAET PYKOBOAUTb rpynnoi ns Ay6Hbl v
Konnabopaumer RDMS (Russia and Dubna Member States), KoTopble y4yacTBOBanAM B CO34aHUU
6onbWMHCTBA AeTeKkTopoB YycTaHoBkM CMS, a B HacToswee BpemMs 3aHMMalOTcA eé
MoZepHu3aumein.

B npuBetcTtBeHHOM BbicTynneHun M.I. UTKnca 1 B aoknage A.B. 3apybuHa TaKKe oTMeYeHbl
3acnyrm npodeccopa N.A. FonyTBMHa B npeaplayLume rogbl, A0 co3gaHmns yctaHoBkM CMS.

Nropb AHatonbeBudy lonyTBMH nocne OKoHYaHuA B 1957 rogy MocKoBckoro ¢u3unKo-
TEXHUYECKOTO MHCTUTYTa Obln HanpasneH Ha paboty B HMO «Anmas», HocsAWwee HblHe
uma akagemuka A.A. PacnnetuHa. OH cTan ydyeHuUKom PacnnetMHa WM 3aHMManca nopj, ero
PYKOBOACTBOM WCC/MeN0BaHUAMM MOAABAEHUA MACCMBHbLIX MOMeX, pa3paboTKoin annapaTtypbl
CeneKkunm ABUKYLLMXCA LLefie N CO34aHMEM 3EHUTHOM PaKeTHOM CUCTEMBI.

B O6beaMHEHHbIM MHCTUTYT A4EPHbIX ccnenoBaHuii Mropb AHaToNbeBMY [0NyTBUMH Nepellen
Ha paboty B 1958 roay m3 CKb npu Cyxymckom ¢GU3MKO-TEXHUYECKOM WHCTUTYTE, nocne
3aBeplLUeHMA co34aHuMA ONbITHOTO obpasLa «be3xkenesHoro» CUHXPOTPOHa.

B O6beaMHEHHOM MHCTUTYTE AAEPHbIX uccnenoBaHmin ULA. TonyTBUHbBIM BblNM BbINOJHEHDI
YHUKaNbHble paboTbl N0 aBTOMaTU3aLMN 06PabOTKN KaMepPHbIX CHUMKOB, MO CO34aHUI0 NepBbIX
6/10K0B BbICTPOM SNEKTPOHUKM Ha TPAH3UCTOPaX, NpoBeAeHbl MMoHepcKMe paboTbl MO MeToanKe
WCKPOBbIX Kamep. bbian BbinoaHeHbl nepsblii B CCCP oHNaiH 3KCnepuMeHT Ha CUHXPOda3oTpoHe
No NMUOH-NPOTOHHOMY PACcCeRHMIO HA Masible Yrabl B 06/1aCTU KyJIOH-AAEPHOM MHTEpPdEpPEHLMU U
3KCNEPUMEHT MO pereHepaunn KaoHos Ha Y-70 B MNpoTBuMHO. BosbLlioi BKAaL UM Bbin caenaH B
akcnepumeHT HA4 (nepBblit coBmecTHbIl akcnepumeHT OUAU-LIEPH), ans KoTtoporo nog ero
pyKkoBoacTBOM bOblsia pa3paboTaHa cucTema YHUKabHbIX NPONOPLIMOHANbHbBIX KaMep.

MocnepHue yeTBepTb Beka U.A. TonyTBMH pyKoBOAUA Pa3paboTKOM U CO3ZaHMEM YCTaHOBOK
ON51 HOBbIX YCKOPUTE/IbHO-HAKOMUTENbHbIX KOMMIEKCOB BoNblIOro afpoHHOro Konnaigepa B
UEPH n yckoputena HERA B lepmaHum.

Bce pabotbl Uropa AHaTonbesuYa MoyTBMHA OKasanu 6onblioe BAMAHWE Ha 06LWMIA YPOBEHb
METOANKM GMU3NUYECKOTO SIKCMEPUMEHTA B MUPE.

B aTom cbopHUKe npeacTaBaeHbl Clanabl LOKNAA0B, CAENAHHbIX HA OBUNENHOM ceMUHape, C
nobasneHnem HeGONbLWNX KOMMEHTAaPUEB A/1A MOACHEHUA COAEPKAHMA CNANA0B.



M.T.UTKnC
Buuye-oupekmop OUNAN

OTKpbiTHE

On celebration of the 85th Jubilee of Prof. I.A. Golutvin =8

o Tlonyreus Wrops Axaronsesny —
BLIAAIOWMACH YYEHBIR, KPYNHLIA
CNOUMANKCT, OCHOBATENL MOBOIO
HaNPaBNeHMA ¥ HOBbLIX METOQOB
ncecnenosanun 8 oBnacT rankm
INOMOHTAPHBLIX YACTUL, MOTOAMKM M
TOXHMKM PHUINYECKOID IKCNepHUMENTa,
asrop 6onee 950 nayunbix paboT 1 Tpex
M306peTeNnA, Oro ABTOPUTET NPUINAN Ma
MHPOBOM YPOBHO.

a NMop pyxosoacraom MNonyreuna WA,
COJAAN0 HECKONLXO NOKONeHUA
COBPEMEHHbLIX KPYNHOMACWTA0HbIX
(PUINYECKHUX YCTAHOBOK ANA
IKCNEPUMEHTOB Ha CHHXPOMDAIOTPOME
O6boaAUHOHHOID HHCTHUTYTA RAOPHLIX
wccnegosanwi 8 [lyGue, ycxopurene
MHCTUTYTa PUIMKM BLICOKUX IHEPIHA B
Cepnyxogse, Ha NPOTOHHOM CHHXPOTPOME
u BONbLWOM ANPOHHOM KONNanaepe
uexﬁr«a OAHOrO @BPONEHCKOTO UeNTpa
UEPH 8 Xenese.

4 3m )Thi OK232NK GONLLIOE BNHAHME
Ha ODWMK YPOBOML METOOAMKH
DHINYECKOrO IKCNOPUMOKTA.

M. hikis Opening of Scientific Seminar dedicated 85th Jubllee of Professor LA Golutvin, Dubna, 8 August 2019
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On celebration of the 85th Jubilee of Prof. |.A. Golutvin

2 Hawano 7ua)ﬁmoro nymm
» Wrope Axaronsesuy lonyTens poauncs 8 aerycra
1934 rona 8 ropoae Mockse.

B 1951 roay OKOHYMN CPEAHIOIO LWKONY C 30M0TOM
Menansio U noctynun 8 MoCKOBCKUA (DU3nKo-
TEXHUMECKHA UHCTUTYT.

Bo t;peun y4ebul 1 nocne okonyanua MOTU 8
1957 roay paboran B OpraHu3aumm, HoiHe
nu3secTHoOM kak « HMNO umenn akagemuka
A.A.Pacnnetunar», rae npuHuman yvyacruve s
HUCCNeaoBaHnK NOAABNEHHA NACCUBHBIX NOMEX,
pa3paboTke annaparypbl Cenexuny ABMKYLIMXCA
uenein U coanaHun 3eHUTHON PaKeTHOW CUCTEMbI.

B 1958 roay, nocne 3asepluieHns Co3aaHnua
OnNLITHOrO obpasua «b6eaxenesHoro» CHHXPOTPOHa
8 CKB npu CyxyMCKOM (DHIUKO-TEXHUYECKOM
MHCTUTYTE, nepewen Ha paborty 8 Ob0beanHeHHbIR
MHCTUTYT SAEPHLIX UCCNeNOoBaHUA.

M Itkis Opening of Sclentific Seminar dedicated 85th Jubllee of Professor LA .Golutvin, Dubna, 8 August 2019

~—

HayuHbii nyTb N.A. TonyTBuHa A0 Havana pabotol B OUAN.

o OuAn
o 1958
»  ABTOMATHMIAUMA 0OPAtOTEM KAMEDHLIA CHIMKOB
» Nepesie Gnoxy GLICTPOR INEXTPOHWKN HA TPAHINCTOPaX
o 60-e
» Muonepcxwe paboTel NO METOOMKE HCKPOBLIX Kamep
» Nepewi 8 CCCP on-line 3KCnepument Ha Curxpodaiorpone
NO NUOH-NPOTOHHOMY PACCERHNIO Ha Manwe yimel 8 oGnacTu
KYNOH-AAEPHOR MHTEPDEPEeHUMM
»  DKCNEPUMENT NO PereHepaumi KaoHos xa Y-70 a MNporauHo
o 70-e
» [dwarvoctvra nyuxos KYTU
» HAA4 - nepeuiit coamecTHuIR sxcnepument ONAU-LIEPH
o 80-e
b DJKCNEPUMEHTH HEATPDMHHBIA aeTexTop, Curva, AHOMANOH,
Meyeswe HeRTpuno, SMC 1 Muorne ne Ma
cuHxpodasorpose 8 OUAN, ¥Y-70 8 MOB3, CNC LEPH
o 90-e
» Havano 3KCNepUMEHTANLHLIX NPOrPaMm Ha
cynepkonnanaepax
o 2000-e

» NogrotTosxa u 3anycx IKCNEPUMEHTANLHOM komnnekca CMS
Ha BONLLWOM aAPOHHOM KONnanaepe

M.itkis Opening of Scientific Seminar dedicated 85th Jubllee of Professor LA Golutvin, Dubna, 8 August 2019

A
\_$A)

&
’

dTanbl AeATeNbHOCTU MFOpFl AHaTo/NIbeBMYA OT aBTOMATUUYECKOM O6pa6OTKM KaMepHbIX

CHMMKOB A0 3anyCKka ogHOoro m3 prI'IHel)’ILLIVIX AETEKTOPOB B MUpe.
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On celebration of the 85th Jubilee of Prof. |.A. Golutvin Téﬁj
a B nocnegHue yeTBepTh Beka MlonyTteuH U.A,
pykoBoaun pa3paboTkom u co3gaHuem
YCTAaHOBOK OJTA HOBBIX
YCKOPUTENbHO—HAKONUTENbHBIX KOMMNNEKCOB
(LHC 8 LUIEPH, HERA B Nepmanum),
» KOTOpbLIE NPeacTaBnAT YHUKaNLHYIO BOIMOXHOCTL
NONY4YUThb OTBETHI HA MHOTME (PYHAAMEHTaNbHbIE
BONPOCkI COBPEeMeHHON (PU3nKK YacTuy

» KOTOpLIe npuBenuy K oTKpeITUD Boaoda Xurrca B 2012.

M Bkis Opening of Scientific Seminar dedicated 85t Jubilee of Professor | A Golutvin, Dubaa, B Auxgust 2019
MocneaHtoto yetBepTb BeKa U.A. ToNyTBUH PyKOBOAWUA CO34aHNEM YCTAHOBOK ANS
KPYMHEMNLNX YCKOPUTENbHbIX KOMMIEKCOB MMPA.

On celebration of the 85th Jubilee of Prof. |.A. Golutvin ‘fﬁ’}

o FonyTeun W.A. ABNSETCA OAHUM U3 MHMLWATOPOR
NnpoeKTa 3KkcnepMmMmeHTanbHoro komnnekca CMS
(KoMnakTHEIM MHOOHHLIWM CcConeHoung)

» MHOMOUENeBoro AeTeKkTopa, KpynHenwero U3 korga-nubo
CO30aBaemMblx YCTaHOBOK, OObEAMHAIOLLErD YYeHbIX U
WHXEHEepoB K3 31 cTpaHbl M OPUEHTUPOBAHHOMO Ha OTKPbITUE
Xwrrcoeckoro 6o3oHa, npoeepry CTaHaapTHOR MOaEnd K
NOWCKY HOBLIX ABNEHWA B 0BNAcTH CBEPXBLICOKWX IHEPIMA.

» OpPraHU4ecKon M HEOTBLEMNEMOKN YacTei) ITOMD NpoeKTa
ABnAeTcs coTpyaHuyecTeo CMS Pocckm 1 gpyrmx
cTpaH-y4actHiy OMAK RDMS CMS, coananHoe nog
Hay4HbIM pykosoacTeom MonyTtenHa KM.A., obvegnHuseee
okono 300 y4YeHbIX U OCHOBAHHOE Ha LWWPOKOM BOBNEYEHWUH
NPOMBILLNEHHOCTH W NOTEHUKWaNa oTPacnNeson HayKku
YHACTBYHOLMX CTPaH.

k. Itkis Dpening of Scienbific Seminar dedicated 85th Jubilee of Professor LA Golutvin, Dubna, & Susgust 2019

Ponb N.A. TonyTBmMHa B CO34aHUM SKCNEPUMEHTANbHOIO Komnaekca CMS.
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Scale of the progress

CMS
A Compact Solenoidal Detector for LHC

NS PARA COY - 110097

M. itkis Opening of Scientific Seminar dedicated 85th Jubdee of Professor LA Golutvin, Dubna, 8 August 2019

OT1 HebonbLINX 3KCNepnmMmeHTa/ZibHbiX YCTAHOBOK — 40 OFpOMHbIX!

On celebration of the 85th Jubilee of Prof. |.A. Golutvin "‘éﬁ;

a Nonyrtend W.A. 3a spema ceoel pabotel 8 OMAKW coapan HayyHyO WKOMY,
HAY4YHO-METOOWYECKOSe OTAENEHHWE W BOCNMTAN KONNEKTHE aKTUBHLIX W
KEBANUPULMPOBAHHBLIX (PHIMKOE W HHXEHEPOE, TPYAbL! KOTOPLIX
NONbLIYIOTCA WHPOKHM NPAIHAHMEM B HALLEW CTPpaHe | 3a pybemwom.

» TonyTeias VLA, RENANCA 3BMECTHMTENEM NPEOCENaTenn QUCCepTaUMOHHOID COBETa
i naﬁnpamfuu. OW NOAroToBMN 4 AOKTOPOR W 14 KAHAWAATOR HAYK, B TOM YWCHE
2 OOKTOPO8 W 3 KAHOMOATOE 38 NOCNEOHWE MO0bl, W OCYIECTEIIRET HAYMHOS
PYNOBOACTEO MOYNNOA ACNHMpaHTos.

» Tonyress LA ofbenuHun B pamkax cotpyasmsecTea CMS Poccuw w apyTux
CTpaH-y4acTHHL OWMAMW duankos, NOCTABMBILKK Nepen coboR Wank coOXpaHWTe AnA
POCCHM HAYYHBIE LUKONG, YHHKENGHLIE KONNEKTHEL MHKEHEDOB W (MINKOB 1
coanan GnaronpuATHBIE YCNOBUA ONA NPHENEYEHKA OJaPEHHBIX MONOOLIX DHIMKDB,

# Mo wHuumariee WA MonyTesHa o7 3 00 10 CTYQEHTOR, SCNUPEHTOE M MONODX
YHEHBIX EHErOAHO CTARMPYIOTCR B L1I§PH no nporpaMme CMS, rae npuobpetanT
NPORECCHOHANEH0E MECTEPCTED B HAYNHEIX, TEXHWMECKHX W COLMANbHLIX 0DNacTAX
AERTENBHOCTH W AEMOHCTRHPEYIOT cNecoBRECTE HpdekTHBHO pabaTaTh B BOnMbuMx
MENTYHADOOHBD KONNEGopaLIMAX.

» 3O HPEIBLMARKD BANHO ANA OCYLIBCTANEHARA JONTOCHOHHL HAYYHBI NPOSKTOS B

H

M. likks Oipsreng of Sclentific Seminar dedicated 85ih Jubies of Professor LA Golutvin, Dubna, B Auwgusi 3019

N.A. TonyTBMH 3a Bpema paboTbl B OUAN co3man HayyHytO LWKOAY M BOCAUTAN
KBaNMPUUMPOBAHHBIX PU3NKOB, PabBOTbI KOTOPbIX NONL3YHOTCA MPU3HAHNEM BO BCEM
Mupe.
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On celebration of the 85th Jubilee of Prof. |.A. Golutvin ’E%j

o lNonyTeuH W.A.

» ABMANCA YNEHOM KOMKCCHM NO annaparype MexayHapoaHoro KoMHTETa no Byayimm
yoropuTenam (ICFA),

» ABNANCH Y“NeHOoM Yned pegkonnendd “MNuclear Instrumenis and Methods™,

= HABNAMNCA YNEHDM EEIMHITE'TQ Hﬂj""IHDF'I NONATHEA FDC}'D.ED'ETBEHHDI::'I NpOrpamMMibd Pocoua
SHAIMKA BRICOMMY AHBDIMA |

» FABMAMACA YNEHOM KOORAMHALWOHHOND KOMUTETa POCHaYKM NO COTPYOHWYECTRY C
3apybeXHbIMK CTREHEMW B 00NaCTH MCCNenosaHa PyHOaMEHTANbHBIX CBOWCTE
METEDMM,

~ BXOOWT B COCTAR PYKOBOOCTEA KPYTHOA MexayHapooHoA xonnabopauws CMS 8 LIEPH,

- PYROBOOWTENE NPOEKTA KHETHTYTOR POCCHACKOR DEABPALWM W ADYTHX CTPAH-YHACTHHY
C;ﬁﬂﬂ B CMS,

» OPIEHA3ATOR W PYKOBOOUTENE MHOMTMMCIEHHBIX MEXLYHAPOOHEIX W OTEHBCTESHHEILX
Hay4YHEBX KoREPEHUMA 1 CHMNOIHYMOB

» OPRCTBMTENLHLIA YNeH AK3OeMAW MHEEHEDHLI HaYK PO, AXaneMiy ecTecTBeHHEIX
Hayy PO, MexoyHapogHol ARanemmm

= 3acnyseHHLIR JeATens Hayk PD
= Naypear npesin PAH um AN Mepenrosa 2013

FUHRE Dipening of Soentiic SeaTmnar ceaicaled Dot JUEHISS of Frosesscd | A oeabvin, DEDna, 3 Augusl 201

N.A. TonyTBUH — KPYMHbIA NPU3HAHHbIN YY4eHbl U 00LEeCTBEHHbIN AesaTeNb.

On celebration of the 85th Jubilee of Prof. |.A. Golutvin}gg:

M.itkis Opening of Scientific Seminar dedicated 85th Jubilee of Professor LA Golutvin, Dubna, 8 August 2019

CeppeyHo nosapasnsem Uropa AHaTonbeBKuYa ¢ tobuneem!

9


User
Rectangle

User
Rectangle


P. KapnuH

Pykoeodumens CMS

CMS: ycnewHoe coTpyaHMUYECTBO,
cmoTpsLlee B byayuiee

-

CMS, a successful collaboration
looking to the future

Dubna, talk for Igor Golutvin’'s Jubilee
8th August 2019

CMS — ycnelwHan konnabopauus, opueHTUpoBaHHasA Ha byayluee.

10
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CMS is a successful detector and collaboration @

Thanks to the commitment and
ingenuity of the collaboration,
and thanks to the great
detector we have built

CACWLY R Cavtin 19or % Muiwe

CMS — ycnewwHbIn 4eTEKTOP M ycrnewHas Konnabonpauyma, onybamkoBasLuas
6onee 900 cTaTen B NPECTUMNKHbBIX HAYYHbIX U3AAHUAX.

And Igor had a big role to shape and build CMS %

One of the founding fathers

C M S of the CMS5 collaboration

PRI by, BARA

F. dhiihin § desiwree. A Beihes, B Bowelds . Chabvales, . Ol b,
[ e ' Y ey, b Eepien, M Peder b Fesbesin L Tebideva
i i i, L Fraspata®, V. frases. V. Kalagin, ', 0 lpomsin
A ke f Epmiove. T Kogien®, V. Ereplfenien A Larers . § Lossts

| Labgisate, K fledved, @ fhekin, V. Miashiin, T ol A Fagisber, 'V, Dok,
[ Peabsibewss [ Fuimm B Lickeady, | S G Sepes G Shalaieirn o Tk’
L

L i, A ieei, A Vieleils, B Vebmaea', L Teeswbekt, O Videges, | Veli,
Y Fewpiw F Deis I Dabares V. Jewmnlssan®
L aficer of Irvioed
" % ek R Carb fgor's Jubdes

fonytBunH U.A. urpan 6onbluyto posb B GopmmnpoBaHnm 1 codgaHum CMS.
OH aBnseTca o4HMM M3 OTLOB-OCHOBaTe el Konabopaunm CMS.

11
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CMS, an evolving, innovative detector E_@_l

» CMS, an innovative detector from

CMA DRTRCTOM

B T the beginning

e g - e . A———— - —

Rniaih v o = Large magnet with 4T magnetic
' field surrounding both

calorimeters

* Full Si trackers

* Redundant muon detectors, all
with trigger capabilities

* Commodity based High Level
Trigger after the L1 trigger

* Worked extremely well, evolved in
the past years and will evolve for
HL-LHC keeping the characteristic
innovativeness

b Lot 1 R Cardn 19or'y Jbidew

CMS — pa3BuBatoLWNIACA, MHHOBALMOHHbIN AETEKTOP.

Focus on CMS Endcaps

JINR made major
contributions to the
design, construction,
installation and
operation of detectors
in the endcaps

oW 1Y RCan igar's hbsles

OUAN BHec 6onbLLION BKNAA, B NPOEKTUPOBAHME, CTPOUTE/ILCTBO, MOHTaX U
9KCNAyaTauMmio TOPLEBbLIX AEeTEKTOPOB.

12
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A flagship project: CSC and the ME1/1 muon
detector

* CSC are the key muon detector in the endcaps contributing to
the readout and trigger in particle dengity aroat

* Igor had a key role in the proposal to use CSC detectors in CMS,
then the chambers were produced in JINR, PNPI, Gatchina and
US and have demonstrated gxcellent performances

* In particular, ME1/1 were
produced in Dubna, with igor

m as ME1/1 project leader

TR0 R Carts iy Sbien

dnarmaHCKniA NPOEKT: TOPLEBON MIOOHHbIN AETEKTOP (KaTOAHbIE CTPUMOBbIE KAMepbI
CSC 1 MI0OHHbIN aeTekTop ME1/1).

HE, another fundamental part of CMS endcaps i

* Invaluable contribution of scientist and engineers from JINR in the
design, construction, installation, commissioning and continuous
operations of the hadron calorimeter

O & Cortm \gor s Atrne

HeoueHnMbIN BKNag, y4eHbix U MHXeHepoB OUAN BHeceH B NPOEKTUPOBaHUeE,
CTPOUTENBCTBO, MOHTA, BBOZ, B 9KCMJIyaTaLMIO M AANbHENLLYIO IKCM/TyaTaLuuto
A POHHOTrO KanopumeTtpa.

13
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HCAL Org Chart during Installation (2005)

C01Y RCarten 1907 v Adniewe

OpraHu13aLMOoHHasA cXeMa NpoeKTa agpoHHoro KanopmumeTpa HCAL Bo Bpems
CO34aHNA YCTaHOBKMU.

CMS, not only a detector but lot of computing
and software development

e Presently Offline + Computing
systems (250kCores total) cope
with

o data taking with larger-than-
expected parking and Heavy
lons throughput

o support for analyses

o preparation of samples for

--=~:.--.’-.~----=--

1o et P S 2

Phase-Il TDRs :::---l
o evolution of our software _and
and services Yo prapms e -2
o preparation of 508 MC o
events
oW1y R Carln dgo's Adtiwe

CMS He TO/IbKO AEeTEeKTOp, HO U Pa3BUTUE KOMMbIOTUHIA U NPOTrPamMMHOro
obecneyeHus.
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And JINR is one of our big computing centres @

TI_RU_JINR Max Bunaing Achieved LR

et Acuiatiny Som 01 May 2018 1 31 May 3219
LA
§ -
' M
. - - -
™ k™) -
B iy B Nehrning B Cranvie
B MesCpnine T W 1w
- vy or
Sarnisg - aom mn
Mulening G378 4R S
Cpnine N4 W3) W
Mulpenine s "e 19802

* Igor was instrumental in initiation GRID computing for CMS in Russia

* Now JINR T1 has an excellent availability and evolution, and a recently improved
network connection

* There could be good prospect to have a more effective utilization of JINR HPC, now
that CMS is migrating to heterogeneous architectures (presently mostly GPUs)

080419 R Cadin 100’y Jublee

Nropb AHATO/NIbEBMY CbIFPan BaXKHYH PO/b B UHMLMMPOBaHMKN GRID-BbluMCNeHUIA ona
CMS B Poccum. B nutore OUAN nmeeTt OTANYHYIO AOCTYNMHOCTb K MMPOBOM
KOMMbIOTEPHOM CETU.

CMS data in Run 2 =2

[
L e L s T R

el Syl e R I P i TR B O D L

* Thanks to the excellent design, CMS
managed to take data with a luminosity
and pile-up a factor 2 higher than planned!

* Reminder: Run 2 data taken with an

evolving detector configuration, in
particular

" FFEENNRTE

* upgrade of the pixel detector to 4 layers

= ypgrade of the HCAL endcap readout (long. :
segmentation) 3 I

* What are we doing with this data? Just few -l L.

examples in Higgs 1... -

b e TR L BC e o iatules

Bbnarogapa otamyHomy amnsarHy Ha CMS yaanocb NonyyYnTb AaHHbIE CO
CBETUMOCTbIO, NpeBbIWatoLLEN NaaHMpyemyto B 2 pa3a. OgHUM 13 Npumepos
NCNO/Ib30BAHUA 3TUX AAHHbIX ABNAETCA OTKPbITUE BO30HA Xurrca.

15




An illustration of results in the past years: H
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MnnocTpaymsa pesynbTatos, NONYYEHHbIX B NOCAEAHUE TOAbI.

Moving to the 2nd generation fermions

= After having observed the coupling to 3¢ generation fermions, now
first CMS result on VH, H—cc
* highly challenging due to low cross section and need for c-tagging

= addressing resolved (2 ¢ jets) and merged {1 cc jet) cases
» uge of ML and jet substructure for tagaing and classification

Mmummw
+ (b4 [exp} esclusion: 10 (37) = -
= pVHH — o) = 36228

Validation uskng VI production:
v VLI = o) = 05543

S b K

For nplwnenos: cusrant TR reauha on HiRpp
digprsl dtrerygts |dats from BRG]

»  gbe feop) enchmion; 192 (.18

v ol e significance: 09 {1014

§

SROI9 B Ll bgoes. Aol

Mepexoa K GepMnoHaM 2-ro NOKoeHUA.




Now CMS is in long shutdown

Ay st 1 o OMIL n Wl vy Pl dee taw
owwactan | OV Dnperment

o0enNse RCaln Igor's Adiee

B HacToswee Bpema CMS HaxoauTcs B nepuoge octaHoBkM (Shutdown 2 Ha LHC), Bo
BpeMs KOTOPOW NPOBOAMTCA MOAEPHM3ALMA YCTAHOBKN.

Again, with strong contributions from JINR

» HB after the conclusion of HE
upgrade

* “Phase 2" CSC electronics
upgrade

Ca0%1Y RCarln igor'y Atalew

Mpu moaepHusaumm CMS cHoBa peanusyetca 6onblioin Bknag, OUAN. Mpu yyactum OUAU
NPOBOAUTCA MOAEPHMU3ALMA KANOPUMETPA U INEKTPOHUKM KaTOAHbIX CTPUMOBbIX Kamep.
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HL-LHC

we are planning to run CMS for a
long time in the future!

CA0WS N Cartn dgon's Ml

s

Mbl nnaHupyem aonrocpouHyto pabory CMS B byayuiem.

The LHC Luminosity Plan

(4.~ ‘,wv
e AL R T — T

= Acds —— S B, | epemg
-— _ X o=
x5 Run1 x2 Run2 x10 Run3

| Notice, this is the Nominal Scenario:
So far LHC has delivered 5% | | 5.0010¢"cm 's 7 up 1o 3000 i (140 PU)

or less of the total planned | The Ultimate Scenario forsees:

[ Lo 2.50000™em s up 10 4000 Iy “ {200 M)
integrated luminosity! !
| S ST N M S mene
OADE RCarkn igor's Moies

=2\

MnaH nosbiweHuna ceeTtumoctn LHC.
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Reasons for HL-LHC —

* HL-LHCisa Hi%%s factory, will produce
> 150M Higgs bosons
* A broad program:
* Precision O(1-10%) measurements of coupling Dark matter = MET
* Exploration of Higgs potential (HH production with .
~ 120k of poir produced events) St -
* Yukawa to 2™ generation, e.g. H- up -

* potential to reveal new particles in loops

* & New Physics — weak scales - low cross- == 1
section , )/
* BSM Higgs searches
* Long Lived Particles
* Dark Matter
= Supersymmetry
* Extra Dimensions

0RO 1% R Cadtm Wper' s Mibvden

MpUYKnHbI, KOTOpble TPEOYIOT PabOoTbl C BbICOKOM CBETUMOCTbIO.

HL-LHC

* What is the impact on CMS detector: two strong requirements

* Be able to trigger, readout and analyse data with high
instantaneous luminosity and PU up to 140 (200)

* Be able to cope with a much higher instantaneous and integrated
radiation dose

™o
«5
ke
~.‘
el
e
"o
L ]

@ 20 40 00 W0 WO 200 V0 low)

OO . Cavn \gor v Albhes

Ona petektopa CMS npu paboTte B yC/I0BMAX NOBbILLEHHON CBETUMOCTN HEOBX0AMMO
obecneuyntb COOTBETCTBYHOLLME TPUITEP, CYUTbIBAHNE N aHANU3 AaHHbIX. Kpome TOroO,
cnepyet obecneynTb PaboTy B yCIOBUAX NOBbILWEHHbIX PAAVNALMOHHbIX 4,03.
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CMS HL-LHC Upgrade

Tehncal proposst M2 S el ey 000RPY

Scope Doument 9 Stton AN e A T3 AT A UL S 180
Barrel Calorimaters

L1-Trigger/HLT/DAQ

* Tracha e LD Trigpes ot &0 M
* PPowdhe slection 750 W

o BT R C5F wow TN rondhnt
< PC Bach end seiieniiy

. MewGEIVRIC LEcn <2l
“ Dobanded (owerage Maw )

Lurmingsity, and Commen
Systerms and nfrastrecture
gyl corn b liecond/ 200

Tracker . , . J o=k

¢ SH5rp and Plaals increaied pranelatty MIP Timing Detector

* Desipn for Maching In L1 Trigger

* Extended coverage to q = 38 _—

“ Barvet leper Crntals « Sy
lmmtmbcmm R ——
to fully exploit HL-LKC luménosity
oA ROl o s Adee

Bo Bpema ocTaHOBKM NpoBoanTca 6onbwoi o6bem paboT No MogepHM3aLUM AETEKTOPOB
ycTtaHoBKu CMS.

What are the benefits? Some example

CUS Frned Somston__ 14 TeV, Pibed 1

- .m - . s q
" -
. . '. é
- . R Ee
“ 9 °
. - Y °
" o 'n.""'.. %

.»1 [ L R — ®

o a S ——
‘ M.O ARl .. LLl o
L™
L1 trigger on delayed wgnaks weth
E S AR bl ] r -, ]
0805119 R Cavlen 1900 s Avlae

HeKoTopble Npumepbl MOAEPHN3ALMM AETEKTOPOB.
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VBF H=71T1, Pile-Up 200

30 ps timing ~ the extra independent parameter
makes the difference

« @ PU=200 Vertex density ~2 vertices/mm

+  Unfold pile-up = sort 180ps collision area
into "30ps blocks

o8/0%1Y R Carlen 330y Al

B pe3ynbrate moaepHM3auumn byaer ynydleHo BpemeHHoe paspelueHne CMS.

Delayed jets and Photons ' &

= In HL-LHC CMS is planning to use precision timing
information from all calorimeters and MTD, achieving
“4 dimensional” reconstruction

= But we are already using timing now e o el
= Jat timing using ECAL i
* Long-ived gluinos give rise to jets from displaced vertex i
= Diglay due to differences in velecity and in path length i
= uses median time of all ECAL cells in the jet cone 1 II e
-]
k

R TY T -
e i Bt [ e

= Photon timing using ECAL
& Ln-lng-li'um:l meutralings dm:m..l to & Fi'ml:un and a gravitan

= requires precise calibration of ECAL timing and resobution x, g
signifcard exfiension of sensibevrby wrt
detayed jets tracker bated wearches

TR B arlen g 1 hiisien

MnaHupyeTca perncrTpauma 3anasgbliBatowmx ctpyin n ¢otoHos. B CMS Takske
NNIAHUPYIOTCA UCMOb30BaTb TOYHYH BPEMEHHY MHOPMaLMIO OT BCEX KaSIOPUMETPOB,
B pe3y/ibTaTe Yero byaeT AOCTUTHYTa «4-X MepHan» PEKOHCTPYKLMA.
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High Granularity Calorimeter (HGCAL)

— -—

HL-LHC operation requires replacing CMS End-Cap Calorimeters

Geanularity and sampling are driven by Technical constraints,
Physics performance requirements in HLLHC emvironment
and the need for an aMordabile solution

oow e K Corln \gar's Aolew

MpepnaraeTtcs co3gaTbh aAPOHHbIN KANOPUMETP BbICOKOW FPaHYNAPHOCTU. BAMXKHAA K
MY4YKy YacTb COCTOUT U3 KPEMHUNEBBIX AETEKTOPOB (OHM 0becneymBaloT HeoH6XoaMMbI
YPOBEHb PaaMaLMOHHON CTOMKOCTM), BHELLHAA YacTb M3rotosnaeTca us bonee
Aewesbix CUMHTUANATOPOB ¢ SiPM.

—

High Granularity Calorimeter (HGCAL) @
\ , 7, 1 .

New detector features:
* Radiation tolerance (up to 3000 1b ¥
* Dense calonmeter (preserving lateral
cCompactness)
Fine lmeral granularity (two shower
separation)
Fine longitudnal granularity (energy
resoiation, pattern recognition, pile-
up mitigation) .
* Precise measurement of the time of o
high energy showers (plle-up . 3
rejection, identification of the vertex N
of trigpering interaction)

EM Cal ... Less conventional structure Hadron Cal .. Conventional structure

* Pb/SS absorbers are part of cassettes * Steel absorber plates with gaps

* Cassettes stacked directly on top of each other || * Active detectors (cassettes) inserted into gaps
oW Y R Cadn dgor's Abien

HoBbI KaNOPUMETP BbICOKOW rPaHyAsPHOCTM NO3BONNUT YBENNUYUTb PaLMaALNOHHYHO
CTOMKOCTb, YNYy4LWNTb pasaeneHne AByX NMBHEN U NOBbICUTb TOYHOCTb BPEMEHHbIX
N3MepPEHUN.
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= - JIF k[
A Silicon Calorimeter? :
2 [ :::-:-w-uuu.-i -
j?,...,; E =R = Silicon Hadron Calorimeter, not a
t-:_-:::;unn MMHHL:: melmll’ new idea
m— * Was proposed in '?2 by RD35 with
T g e [ ol e Igor as joint Spokesperson! '
D B e e )
St e i = A different (cheaper) solution was
N = chosen with brass/scintillator, but
4 B 8 o ot & . . O & i . now with the extreme needs from
____.;:_:__',_ ._.___L::;E_';,..__ HL-LHC that solution is back
-:---—: e * And the studies of RD35 also paved
i oot the way for the Si-based pre-
s T S e shower installed in the CMS ECAL
T —— End:ap-s_
Rl F e -—-—i' [} HI—
= o pi—
DT W e b w kil

KpeMHu1eBbIN aApOHHbIN KaJIOPUMETP — He HoBaA naed. 3T1a naea boina BblABUHYTA
N.A. TonytBuHbIM B 1992 roay.

2

Conclusions
h?ﬂ

'/

= CMS is doing very well on operations, present upgrades and data
analyses, and it is getting ready for the future, with a challenging and

very interesting detector upgrade

* Igor Golutvin, one of the founding fathers of the experiment, has been
a strong member of the collaboration, contributing with his team to
build and upgrade some of our key detectors and one of the cnmputlng
Tier 1 centres

* So we owe a lot to Igor, who is an active member of our
collaboration, and it is remarkable that we celebrate his
jubilee always mentioning the future!

fi T bl s goa's il

Nropb AHaTonbeBMY [ONYyTBUH OAUH N3 OTLOB-OCHOBaTeien akcnepumeHTa CMS,
BaXKHbI Y4aCTHMK Konnabopaumm, BHOCALLMIA BKNAL CO CBOEM KOMAHAOM B CO34aHME U
MOZEPHN3ALMIO PSAAA KNHOYEBDLIX AETEKTOPOB Y KOMMbIOTEPHbIX LLEHTPOB.

Mbl MHOTMM 06Aa3aHbl Mropto AHAaTONIbEBMYY, KOTOPbLIN ABNAETCA aKTUBHbIM
YYACTHMKOM Hallero CoTpyaHMYecTBa U 3ameyvaTeslbHo, YTO Mbl, OTMeYaa ero robunen,
rosopum o byaywiem.
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A.B. 3apybuH

Ha4anbHUK HayYHO-3KCNEepPUMEHMANbHO20
omoena ¢usuku Ha CMS, OUAU

MeToabl a3KcnepumeHTa: B3rnsaa, 8 byayuiee

M)n celebration of the 85th Jubilee of Prof. .A. Golutvifiess’

- -

y

A Zarubin "Experimental Methods: locking to the future”

3apybuH A.B. oT Bcen aywm nosapasnaet Mropa AHaTonbeBUYa C tobuneem.
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V.Veksler
Director of LHE

Designer of
Synchrophasotron

paraet:  ene 10 GeV
intensity 4 10%2ppp

A Zarubin “Expenmantal Methods: lockeng 10 the future”
N.A. TonyTBUH — aKTUBHbIA OPraHM3aToOpP IKCMEPUMEHTOB Ha CUHXPOda30TPOHE.

E Enthusiasts of Tracking Detectors ==Y

Well known wire chamber inventors:

G.Charpak - MWPC and A.Walenta - DC

But the way for gaseous - b
tracking detection was
opened due to development
of the filmless readout

at CERN - F.Krienen
at JINR - L.Golutvin —

pioneer and enthusiast of the,
tracking detectors development
and its on-line applications at
JINR and abroad

A Tarubin “Experimental Methods: looking to the fulure”

lflonytBuH U.A. — NMOHEP M IHTY3NACT B CO34AHNN TPEKOBbIX A4ETEKTOPOB.
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M\ The first in USSR HEP on-line experiment =3

19677 P scattering at small transfer momenta at
Dubna Synchrophasotron

Goal:

verification of forward | S
dispersion relations
104< -1 <10 2 (GeV/c)
P,=1-7GeVic
2 mrad< 9< +22 mrad
- angular resolution < 1 mrad, &
- momentum resolution ~ 1%,
- high statistics (Ac~1%),
- small systematics

bo -~

A Zarubin "Expenmental Methods: looking to the future”

Nropb AHaTONIbEBUY — UHULLMATOP NEPBbIX OH-alH SKCNEePUMEHTOB Ha
CUHXPODA30TPOHeE.

m Experiments at U-70 in Protvino

=g —
T .

1 N
Ai}’ u)a = ,:;D

ey ;.
M:' A.Logunov

U-70 parameters:  energy 76 Ge\i | Director of IHEP

intensi}x 1.7 10 ppp

JKkcnepumeHTbl Ha ¥Y-70 B MNpoTBMHO.
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m;s' Experiment on K° — K° regeneration ‘g5

FRONTY SAGNET RODOSCONES ELENTRON oV
comrens / QCIECTOR  DETECTOR
T L g .
. - """] I = g e e, o v
- GERIEEEIER W .

‘\‘_

o PANSNERY,
AT
'
~

- = . N\,
ANTI 19 PAGNETOSTRICTIVE WiRE wro REAR  NCUTRON

dkcnepumeHT no K° — K% pereHnepauuu.

B
Experiment on K° - K% regeneration =&

The main part of the apparatus
18 double coordinate

magnitostrictive spark chambers
provided the best in the world

invariant mass resolution

AZarubin "Expermental Methods: looking 1o the future”

OcHOBHas YacTb YCTaHOBKM — 18 ABYXKOOPAMHATHbIX MAarHUTOCTPUKLMOHHbIX
MCKPOBbIX Kamep, obecneymBaloWwmx Nyylliee B MUPe paspeLleHne no
MHBAPWMaHTHOW Macce.

27



User
Rectangle

User
Rectangle


Bl  Co-operation with CERN at SPS &

L3 ~ John Adams

' SPS '_ »CERN Me yrin Director - General of CERN
AL A 3 Director of the SPS project -
- : N Super Proton Synchrotron

CERN Prevessin
A Zangbin “Expermental Methods: looking to the future” f
N.A. TonyTBUH ABUACA OOHUM U3 MHULMATOPOB COTpyaHMYecTBa ¢ LIEPH.

[ [
-

@] Co-operation with CERN at SPS ‘s,

HlLLunﬂ_osn& spectmnHlLr Of
3

. a— e =¥ "?" =

muon scattering

CnekTtpomeTp NA4 c BbICOKOM CBETUMOCTbIO A5 UCCeA0BaHMA TNyboKo
Heynpyroro pacceAHmMA MIOOHOB C MPONOPLMOHANbHLIMW KamepamMmu, CO34aHHbIMU
nog, pykosogctsom M.A. TonyTeumHa.
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Mpynna pa3paboTyMKoB NPONOPLMOHANbHbLIX Kamep Ansa sakcnepumeHTa NA4 B
LIEPH.

N o

@] Co-operation with CERN at SPS =5

a.conffibutiorjto.NAJ- 30 % |

Chambers were delivered by IL-76 military aircraft
A Zsrupin Expenmentst TASMoTs: 1oking 10 e fotrs*

MponopuunoHanbHble Kamepbl HblIN AOCTaBAEHbI B *KeHeBYy cneunanbHbiM peiicom
BOeHHoro camoneta UJ1-76.
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e Installations -

Chambers were tested before and The very first muon track recorded by the
after transportation, installed in the spectrometer in the Dubna chambers with
magnet and putted in operation in 1978 signatures of participants
= r"-x z ; "o &2 pon :} i "
5 V11
o Bl L | ‘ ‘
<3 !r y ». H " y . l‘. - -
““..:._-/" { | : ¢‘ ./
» > = & __‘.-_.1-_. 'S AT
|\ 3 )
» .\ '\ ~ I | ‘.’_],’_ | — o -
ZA | 'i 7 o B 1
L g 7z l :’ . [ i ’
. (S e e

A Zarubin “Expenmental Methods: looking to the future”
CaMbI NepBbli MIOOHHbIM TPEK, 3aPErnCTPUPOBaAHHbIN AYOHEHCKMMKM Kamepamm C
NoANUCAMM Y4aCTHUKOB.

™\ Industrial MWPC electronics RPK-32 =53,

RPK-32 MWPC readout electronics were widely used
in many HEP experiments

AZanubin “Experimental Methods: looking to the future® 3
CuunTbIBaOLWAA 3/1IEKTPOHNKA MHOTOMNPOBOJIOYHbIX NPOMNOPLNOHANbHbIX Kamep RPK- 32
LUMPOKO MCMONb30BaIAaCh BO MHOTMX IKCNEPUMEHTaX GU3NKM BbICOKUX SHEPTUN.
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Installations in 80-90"' at IHEP $

DT: Nemﬂno Retector

A Zarubin Emenn\amal Me!hods loaking 1o the futura”
YctaHoBku B UPB B 80-90-x rogax ¢ Ay6HEHCKMMM KaMepaMm: HENTPUHHbBIN
AeTeKTop U ycTaHoBKa SIGMA.

~~~~~

A Zarubin 'Expevrdal Methods: looking 1o ﬂ:e fulure”
YctaHoBskM B OUAN B 80 — 90-x rogax c Kamepamu, paspaboTaHHbIMKU Noa,
pykosoactsom U.A. lonytBuHa.
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Installations in 90 at CERN and DES Ye43,

AZanubin “Expersnental Methods: looking 10 the future”

YctaHosku B LLEPH 1 1E3U B 90-x roaax: akcnepumeHT SMC (LLEPH) n
akcnepumeHT HERA-B (OE3MU).

& Co-operation with CERN at LHC

LHC parameters:  energy 2x7TeV

luminosity ~ 10% il
bunch-crossing 25ns :
‘Commissioningdn'2009 |
LB

Carlo Rubbia
s L Director — General of CERN
Particle physics became an essentially Iniiator of the LHC project -
international science Large Hadron Collider

A.Zarubin “Experimental Methods: looking to the future”

Kapno Py66ua — aupektop LLEPH B nepunog 1989 — 1993 rr. MUHMUMaTOp NpoekTa
Bonbworo agpoHHoro konnanaepa ( LHC).
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~

CMS Foundation, March 1992, Evian =85,

2 5-8 March 1992: 650 physicists meet in Evian to
discuss experiments on CERN's new accelerator
project, the Large Hadron Collider (LHC)

a Michel Della Negra presented a concept of LHC
Ef&edmont based on st?er conducting solenoid
with a otron%‘magnotic eld “Compact Muon
Solenoid - CMS”

2 LGolutvin was one of the founder of the CMS

experiment. CMS Expression of Interest was
signed by 49 Institutions from 21 countries

In a short time - 6 month later:
Letter of Intent on 1 October 1992 was signed by
62 Institutions from 25 countries
N - powerful tracker based on Silicon and MSGC
precise crysial electromagnetic calorimeter
two options of hermetic hadron calorimeter
* cooper + scintillator
* cooper +sllicon
precise muon system
magnetic field 3.8 T in a large volume

lfronytenH N.A. — oauH u3 ocHoBatenemn skcnepumeHTa CMS.

M Letter of Intent, 1 October 1992. Physics Goal ’;ﬁ

o Abstract of the CMS Letter of Intent, submitted to
the LHC Experiments Committee (LHCC) on 1
October 1992

a “We propose to build a general purpose detector
designed to run at the highest luminosity at the LHC.
The CMS (Compact Muon Solenoid) detector has
been optimized for the search of the SM Higgs boson
over a mass range from 90 GeV to 1 TeV, but it also
allows detection of a wide range of possible
signatures from alternative electro-weak
symmetry breaking mechanisms.”

CMS was designed as an experiment for discovery!
And required an excellent Collaboration

A Zarubin “Experimental Methods: looking (o the futune”

1 okTAb6pA 1992 roga Ha LHC KomuTeTe no skcnepumeHtam (LHCC) 6bino caenaHo
npegnoxeHme o cosgaHmm CMS ans nomcka 6030Ha Xurrca. CMS 6bin co3gaH Kak

3KCNEPUMEHT ANA OTKPbITUINA.
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"\ RDMS CMS Foundation, 1994, by .Golutvin 24

)

JINR member-states participate
in CMS Project in frame of
Russia and Dubna Member
States - ROMS CMS
Collaboration

2 Formally RDMS was established
in Dubna on 27 September 1994

® o In fact ROMS physicists have
articipated in CMS since 1992
efore formal decision were

_ D made
| W A8 . In RDMS there are about 300
‘i Dubna 27 September 1994 o = SEEETITIREE NIRRT IR )
EM TS [ ¥ 7 States and 23 Institutions
s Bl R - =

and broad iny vemen! of industry of particinating Siat
27 ceHTAbpa 1994 ropa B [lybHe 6blna ocHoBaHa Konnabopaumna RDMS (Russia and
Dubna Member States).

M\ /n RDMS Collaboration are about 300 scientists ‘w4,

Russia bna Mamber States 5
B Fussian Fagerabon Armenia ""'I'_' Georgla
» Ity o Hch Erangy Py Froferg » e Prypct makts Teran -Whmﬂ_lhh-
:m:mmﬁmﬂﬁm w iniftde of Py Academy o Soproe Thiw
o blosoow Tiale Lnewerstly, iniditole for Mudkesr Prypsss. Moacow Bala
» Petersoung Nuciear Prryscs inittale, RAS. 5t Peeroury - hm:,'hﬂ“ W Uxraine
& UK Libaciey PRyscal imblais Wskoos + Piaaarch imsshute for Mochar Peotiera. Nirgi” itsle of Scnsllation biaedsis ol Kaoral
» Natcrial Canty It Partcos and High Eregy hlqgf:u.m
Associalad members. Wem = SN A S S——

. [Proymas aned Techroiogy Mharay
wiigh Temperatue Sechocogy Lavter o Hetean § Dresicprerd = Rsaarch inssiuds lor Appied Prywesl
ingtuie of Powss Engrserg Moscow Problerra. Minsk » ko fhalg Lieedeisty, Kitfior
& W Dt Burmiie, Shublnaig
= Eimcoon Msboral Riasen maitiie 51 Peissiusg Bulgaria
s b Mook’ Rndaiech il Wociny I | e ks lan
Esergy BAS Sofa Eor Muchaar Prvpiacs, UAS, Tishie

Dbt Mbpum By Sitidun - B0 i

i Zanube “Exparimental Methods: locking o the futune™

Konnabopauua RDMS BkntoyaeT B cebsi 0kos10 300 yyeHblix.
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H CMS TP RDMS Project E&x
December 1994 September 1995

Study of Fundamental Propertios of the
Matter in Super High Energy Proton-Proton
and Nuclous-Nucleus Interactions
ot CERN LHC.

Participation in CMS Collaboration.

Fruject

Navive ond [Nbma Momber Nawny o € 1 ( nilaboswiviee

e — A el
The Compact Muon Solenoid W ek b s i - ot Bt it Pt St S
Oomp. U ‘ T I rar—— PR

Technical Proposal e e

MepBble AOKYMeHTbl Konnabopaunm CMS (TexHUYECKUI NPOEKT 1 NpoekT RDMS).

7

Wide application of CSC in HEP i’

Cathode Strip Chambers, CSC

Cathode Strip Chambers were proposed
for CMS Endcap Muon System. The first
prototygo in 1993 demonstrate precision
of 53 m

I. Golutvin et al CSC

Dubna 0.5x0.5 m2 RDS
E112 . \s | Milestones Report, CMS Collat

CERNILHCC 9948, p.70, 1993

1 T —
- : The innermost ME1/1 stations of Endcap
muon system located in 4Tesla solenoid
developed by JINR in cooperation with
Minsk, with .Golutvin as Project Leader.
Other endcap station were build by US
institutes in cooperation with Gatchina

310 CSCs, 340,000 channels in CMS

[ns TopueBon MOHHOM cuctembl CMS 6b1IM NpeanoXKeHbl KaTOAHbIe CTPMMNOBbIE
Kamepbl. MNepsbii npotoTMn B 1993 roay NnpoAeMOHCTPUPOBAA TOYHOCTb B 53 MKM.
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m 1979 First Cathode Strip Chamber =
1979: Al

* The very first Cathode Strip Chamber was
designed at JINR for NA4 R&D in 1979 to

improve vertex:
Chamber size -3x1.5m
Strip length -1.5m
Strip width - 20 mm
Gap -7 mm
Wires - 20 mkm

Cathode resolution ~ 2 mm

* Next studies of set of small prototypes
demonstrate cathode resolution of 50 mkm

A Faubin “Experimenial Methods: lopking io the futume®
Camble nepBble KaTogHble CTpMnoBblie Kamepbl bbiin co3aaHbl B OUAN B pamkax R&D
ana npoekta NA4 B 1979 .

™\ Cathode Strip Chambers Mass-production ==,

-

I. .
,

A Zarubmn “Expenmental Methods. looking 10 the future”
76 Kamep C BbICOKMM NPOCTPAHCTBEHHbIM pa3peLleHnem U OTANYHBIM BPEMEHHbIM
paspelleHnem 6biau nsrotosneHsl B [lybHe 1 goctasaeHsl B LIEPH.
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ME1/1 Cathode Strip Chambers ‘i

FORWARD MUON ME-1/1 STATION

A Zarubin “Experimental Methods: looking 1o the future”

MNepeaHAA MIOOHHAA CTAHUMA YCTAHOBKM CMS c KaTOAHbIMU CTPUMNOBbIMU KamMmepaMM.

Reinstaliation ¢ 41 CSCs
nca

in 2015 the Upgrade of the Innermost ME1/1 and
outer ME4/2 stations of Endcap muon system was
successfully completed.

During several years all 72 chambers were
removed from CMS Detector, equipped with new
fast electronics developed in cooperation with
Minsk and US groups, and reinstalled to CMS.

72 new chambers were bulld by Gatchina experts
for Muon Station ME4/2 and equipped with “old"
electronics from ME1/1

As a result Muon system performance is
improved:
» acceptance of Muon System increased up
pseudorapidity 2.4
» spatial resolution reach 50-60 mkm per slation
» high rate capability is achieved

Upgraded ME Stations demonstrate high
areratlon and tﬂﬁger efficiency and muon
en

un2ati3Te
O6HOB/IEHHbIE MIOOHHbIE CTAHLMM MOKa3a/M BbICOKYIO 3GPEKTUBHOCTb TPUTTEPA U
obecneynnu xopouyo naeHTMduKaumMo MOHOB BO BTopom ceaHce LHC (13 TaB).

tification in
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Wide application of Sigma Tiles in HEP &8s

Hadron Calorimetry

Based on plastic scintillators with
embedded WLS fibers, so called sigma
tiles, proposed for Hadron calorimetry In

1986 in IHEP, Protvino

V. I Kryshkin and A. |. Ronzhin,
Nucl. Instr, Moth. A 247 (1986) 583

Endcar calorimeters developed by RDMS
under leadership of |.Golutvin as Project
Manager in cooperation with Rosatom
enterprises and MZOR, Minsk

600 tons of brass absorber were made of
military shells

8,000 channels in CMS

YyeHble RDMS Konnabopaummn paspaboTtanmn u co3ganm HoBble AETEKTOPbI ANA
aKcnepumeHTta CMS.

E HE , Hadronic Endcap, 300 tons -,

A Zarodin “Exparmentsl Memoas: 100KIng 10 the Tutore”™

Bung agpoHHOro Topuesoro Kanopumetpa secom 300 TOHH.
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Wide application of SiPM. Calorimetry Upgrade ‘=&

J

Upgrade of HE
Endcap Calorimeters
in cavern

in April 2018 the Upgrade of Front-End Endcap
calorimeters HE with SiPMs was successfully
completed by RDMS team of qualified experts.

Intense but smooth operation, confirmin
excellent experience with HEP17 pilot SISM
system in 2017
» HPDs replaced with SiPMs - 7,500 channeis
= Eliminated dominant source of HE signal loss (HPD
photocathode deterioration)
* x2.5 increase in photo-detection efficiency (SIPM vs
HPD)
* Eliminated sources of coherent noise (HPD
discharges and HPD HV system)
» Increased longitudinal segmentation (2-3 - 6-7 readout ;
depths)
» Acded TDC information

Upgraded and gm-calibntod Endcap
calorimeters HE demonstrate high operation
eﬂlclem\:y and jet identification in 2018 Run 2
at13 Te
KpemHuneBble GOTOYMHOXKUTENN HALLIM LUIMPOKOE NPUMEHEHME ANA PA3BUTUA
Kanopumetpuun. OB6HOBAEHHbIN U NPOKaNMOPOBaHHbLIN aAPOHHbLIN KAaNOPUMETP

NOKa3an BbICOKYH 3PpPEKTUBHOCTb BO BTOPOM ceaHce LHC npu sHeprumn 13 T3B.

PWG crystal was born in “SingleCrystal”, Kharkov

stals were proposed for EM-calorimetry in
1992 'Ew HEP, Protvino

WA Kachanow.
"Eh.llhl of charactoristics of real-size PEWO, crystsl  codls for
procise EM-calorimoters to bo used a1 LHE

anargles” Workshop, Chamanls, 1992
This R&D led to wide application of PWO in HEP

Precise Electromagnetic Calorimeters, EB for barrel
and EE for endcaps were developed by RDMS and
other CMS institutes in cooperation with
Bogoroditsk plant

76,000 crystal channels in CMS

Also PWO cﬁ.rslals- widely used in ALICE at LHC and
many other HEP experiments

Kpuctannbl PWO (BonbdpamaT CBUHLA) LUMPOKO UCNOb3YHOTCA HE TO/IbKO B
akcnepumeHTe CMS, HO 1 B APYrMX KPYMNHbIX YCTaHOBKaX GU3MNKM BbICOKMX SHEPTUIA.
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Based on Dubna Silicon Program in coo&eratlon

with Italian scientists a new technology for pad

srlxol), thin and coarse strip Si-detectors was
eveloped in 90-th,

Also Silicon Option for the Endcap HCAL invented
for CMS Lol in 1992,

LA.Golutvin et al,
RD38: "Silicon Hadron Calorimeter module for LHC",
CERN/DRDC/91-54, DRDC/P34, January 13th 1992

This R&D led to wide application of Si tracking in
HEP

CMS Preshower developed by JINR in cooperation
with Zelomarad ELMA and other CMS groups
18 m?, 144,000 channels in CMS

All Si Tracker developed by CMS

Today, 25 years later, the idea of Si tracklnr HCAL
accepted by CMS at the modern level as High
Granularity Calorimeter for HL-LHC

B 90-x rogax Ay6HEHCKUMM YYEHbIMU COBMECTHO C UTa/IbAHCKMMM KONIeramm
6bINN NPEAIOKEHbI HOBbIE TEXHO/IOTMU 418 N3A0BbIX U CTPUMNOBbLIX KPEMHMUEBBIX
[eTEKTOPOB.

H On Phase 2 Upgrade of Endcap Hadron Calorimeter BH-5s

(HGCAL) .
Study of possibility of RDMS networking for scintillator module
production site in Dubna with participation of: JINR.

LPI (Moscow), ISMA (Kharkov), MEPhI (Moscow),

INR {(Moscow), AL g it L..i '

INP {Tashkent), Type 4 £ 7

as well as DESY L

and CERN Scintillator module [ 64 tiles). ;E
Type 1

J "Macrotile™ concept for scintillation part of HGCAL
was proposed, developed, prototyped in Dubna,
based on the commercially produced scintillator
(EJ 260 ar similar).

J Wide RED with selected types of detectors
(scintitlators and SIPM) s well going on,

I Choice and selection by CMS of scintillator %
technology is planed in the mid of October 2019 W W

A Zpruben “Expenmeninl Medhods iookang o th hriers”

OybHeHCKMMK yyeHbiMM Bblia NpeanoXKeHa HOBaA KOHLENUUA CLMHTUANALNOHHOM
4acTU TOPLEBOro agpoHHOro Kasnopmmetpa CMS.
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| RDMS is about 25 years in CMS a2

Siticon Tracker Detector subsystems are designed as discovery experiment
v to measure: the energy and momentum of photons, electrons,
""/ ~15xp, (TeV Y% gy P

muons, jets, missing E; up to a few TeV

weight - 11509( MUON Chambers
diameter - 1460 m
ength - 2180 m
Bfield - 4T

Br 1.0 1.5%8 100Ge)
P

Konnabopauua RDMS ycnewHo paboTtaeT B pamkax akcnepumeHTta CMS yke oKono
25 ner.

E RDMS Achievement in CMS@LHC. Physicsz2s.

' - "r - } o RDMS scientists developed an adequate
computing based on GRID technology,
including CMS Tier-1 in JINR with regional
Tier-2's at RDMS institutions associated with

physics tasks

CMS Remote Operational Centres for data
monitoring and certification developed in
Dubna and all RDMS institutes help for data
taking and certification

Data processing and physic analysis
performed by RDMS scientists demonstrate
manifestation of the Standard Model at 7 and
13 TeV

No evidence for New Physics beyond SM

Regular Joint sessions of ROMS
Collaboration Board and Executive
Committee, All RDMS remote seminar
“Physics at LHC", Annual RDMS
Conferences are helpful to joint efforts

Konnabopauuna RDMS nmeeT 3HaumnTeNbHbIe AOCTUXKEHUSA B 3KcnepumeHTe CMS Ha
Bonbwom agpoHHOM Konnagepe B LEEPH.
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M SM verification. Physics Objects@13 TeV =5

CMS shows an excellent performance to detect different signals
2.7 i’ (13 TeV)
= 10" Trigpe patha
‘“ _—
O 40 .
P 84
E 10% . i
- Y B ow mass double maucsn + rack
w 10 double muon inclusive
10° F 4
10°
10*
10°
i i i RIS A A el |
1 10 s 1
up invariant mass [Ge\/]
BT T RpraTa Mo, ooang o e Fiare

JkcnepumeHT CMS feMOHCTpUpyeT OT/IYHbIe NapameTpbl, MO3BOAAOLWME
PEerncTpmpoBaTb pPas/InyHble CUTHAbI.

Breakthrough in Experiments @ LHC _T-é;&_a_

Higgs Boson
4 July 2012

The key and decisively
contribution in the
discovery of Higgs
Boson of RDMS
scientists from JINR
Member States is
honoured with
commendation by CMS
Spokesperson Joe
Incandela in his letter
addressed to RDMS
authors of discovery on
31 July 2012

Camoe BaxkHoe cobbiTne B PU3NKe a1eMeHTaPHbIX YacTul, B XXI BeKe — 3TO OTKpbITUE
6030Ha Xurrca Ha yctaHoBKax CMS u ATLAS Ha LHC, o koTopom odpuumnanbHo 6biio
ob6baBneHo konnabopaymamu 4 nona 2012 roga.
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MY  Breakthrough in Experiments @ LHC 25

Puropean Mhiysical Socken
vy

Th 2000 Phgh Langy wmd Poome

L T TR

e Phypmies Pras

ATLAS and CMS collaborations
Miched Della Negra, Peter fomnd. and Tepnder Viedes
. —— -

- '

—— e e " g e b e m—

Contribution of tHe'ROMS scientists
in the discovery of a Higgs Boson, as
predicted by the BFOUt-Englé#t-Riggs
mechanism, is awarded by European
Physical Society Prize on the
strength of the CMS and ATLAS
Collaborations on July 2013.

For outstanding contribution in CMS
and ATLAS experiments resulting in
discovery of Higgs Boson the leader
of Russian team in ATLAS
A.M.Zaitsev (IHEP) and the RDMS
CMS Spokesperson |LA.Golutvin
(JINR) are awarded by P.A.Cherenkov
Prize of RAS in 2014

KOToporo 6bin OTKpbIT 6030H Xurrca, pykosogutens RDMS CMS W.A.lonyTBuH
(OMAN) n pykoBoauTenb poccuinckon rpynnbl ATLAS A.M.3aliues (MPB3)
HarpaxaeHbl npemment umenu M.A.YepeHkoBa PAH.

™\ Conclusion: Scale of the progress =5

A Zarybin "Experimental Methods: looking 1o the future”

A Compact Solenoidal Detector for LHC

CMS

O3 PARA CO%- 110797

MacwTabbl nporpecca.
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Our life with LHC

LHC / HL-LHC Plan .L;}.
it R i 14 T A s
- e A

i
;
i
)
i
i

== : el B ——
T 1300 o0 | aaga e f— —
4 4
HFJS Diﬁ?m 162.9 réﬂdg 13 TeV gt
7T TeV (5.1 ") + 9t 2 ; . :
BTV (5.3 ') Attobarn” Physics

i Farnubin “Experimesntal Methods: ooking b the futuns”

Hawa »kun3Hb B anoxy LHC.

T

m Expectad Results in Run2 at 13 TeV =&

S )

The main goals of the RDMS groups in Run 2 are: |

TS Propechon
l-lhl .n-ulll!l- - I--i dl’-.--.-ll-.ll—--
gk AT R FER bl s e
Studies of the Higgs boson properties such as the spin- (PR I—
parity and rare decays etc., increasing of accuracy of .
the measurements of the branchings (6-14 %), ERt
couplings {5-15 %), signal strength [6-14%) o

Precise tests of the Standard Model and searching for
néw physics in the dimuon channel: TeW-scale gravity,
new gauge bosons with a mass up to 6 TeV

New physics can be discovered if exists |

A& Zaruben “Experimenial Methods: icoking bo the futune”

OcHoBHble uenn konnabopaunm RDMS: n3yyeHume cBoncTB 6030Ha Xurrca, NpoBepKa
CTaHAapTHOM MoAEeNu € BbICOKOW TOYHOCTbIO U MOUCK HOBOM GU3MKMU.
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N Main Objectives for Future e,

o RDMS under leadership of |.Golutvin made it possible to build
the CMS experiment with a wide participation of JINR Member
States, and

2 gave Equal Opportunities for each group and new generation of
physicists to participate in frontier Physics

Maext steps:

1 Study of the Brout-Engelert-Higgs mechanism is still a main
focus

0 Search for Supper Symmetry signals

U

CMS Phase 2 Upgrade at HL-LHC

| would wish to |.Golutvin be always a leader looking for

the future, and great scientific success !
ATanan Experemerial Wetoos: looking o the Tutl

RDMS Konnabopauus nog pykosoactsom U.A.fonyTBMHa no3sBoauna peanmsosatb CMS
3KCMEePUMEHT C LUMPOKUM y4acTUeM CTpaH-yYacTHML OUAU 1 gana paBHble BO3MOXKHOCTH
y4acTmAa Kaxkaomn rpynne pu3nKos.

A »enato N.TonyTBMHY NOCTOAHHO ObITb INAEPOM , CMOTPALLMM B byayliee, n 6onbLInX
HaY4YHbIX YCMEX0B.

MROn celebration of the 85th Jubilee of Prof. I.A. Golutvifes,

A Zarutin “Expenmental Methods looking 10 the Auture”

Ewe pa3 nosgpasnaem Urops AHaTonbeBunya ¢ 85-netmem!
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M. l'yseBuy
Bedywuli Hay4yHbIli compyOHUK YHusepcumema JluoHa

B0o30H Xurrca: oTKpbiTUe, n3yuyeHue n byayuiee

A

PNL  Maxime Gouzevitch UNIVERSITE 0 Lyon

=
b

Higgs boson : discovery, study and
future

1) Introduction: historical
perspective

2) Situation before the LHC
3) Higgs Hunting at the LHC
4) Future colliders

“hain v i R v

Jubilee Seminar dedicated to the 85th
. anniversary of Prof. |. Golutvin

Makcum lyseBuy «bo30H Xurrca: oTKpbITUE, U3ydeHne n byayuiee».
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Introduction: Historical
Perspective

Spontanecus (dynamical) symmetry breaking
£ Eivr. Moo iy ( Ao s Scamom d¢ Berbe 13, 20 (1799)

weak force  strong force

|

Figore Dost 1o compressed by » Soece of nOmasng strangth

08/08/2019

l/lnmocmau,wﬂ CNOHTAHHOIO HapyweHNnA CUMMETPUN.

1.1) A successful example

Ginzburg-Landsu theory from 1950 offered a macroscopi (e efective) theory for
conventional superconductivity,

Y ..|],0‘. wrnelt n'llituqu e and W = W

In 1957 Bardeen, Cooper and Schrieffer provided the microscopic

(fundamental) theory that allows one to

1) interpret |W| as the number density of Cooper pairs ton Low

2) calculate coefficents of |V |7 and |W|*in the potential, D e LT

,..!'

080872019

Teopua MMH36ypra-SlaHgay ¢ 1950 r. npeanoXKmnaa MakpPOCKOMUYECKUIA MEXaHU3M
Ans 0bblyHOM cBepxnpoBogmmocTu. B 1957 r. bapgmH, Kynep n Wpuddep cozganu
MUKPOCKOMUYECKYIO TEOPUIO.
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1.2) SM and BEH mechanism

Vot ees ey | SAfter EWSB the extra degrees of freedom of
Higgs doublet from the potential are redefined

:"' Cromdane st 0= 2wy twam”rmmowtzm-
v @ Yukawa coupling gives mass to fermions.

Z e (& A5 ;) = DO DO - V($)

V@)= -1’9 ¢+ M0y +Y v, v, o

OROR2MQ

CraHgapTtHaa mogenb (CM) n mexaHuam Xurrca (BEH mechanism - Brout-
Englert-Higgs mechanism).

1.3) Potential reformulation

We can rewrite the BEH potential as with 3 fundamental
parameters that are related

V=-m?HF+AH' and A=m?/2v

1) my, can be interpreted as the | 2) A is the Higgs boson field

mass of the Higgs field. It is self coupling constant.
directly measured once Higgs It gives the intensity of
boson is discovered. H* - HH and HH -~ HH
e interactions.
[\ | & The hardest to measure,
[ ——1

3) v is the vacuum expectation value and it is measured indirectly
and very precisely at low energy looking on beta decays
p = 27V GEVE 2 246 GoV

08082019

BennunHy m,, MOXHO MHTEpPNPEeTUPOBaTb Kak Maccy nona Xurrca. lMocne
«TEOPETUYECKOro» OTKPbITUA 6030Ha Xurrca oHa bblna HenocpeacTBEHHO
n3mepeHa.
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2) Situation before the LHC

S o ioa]
“3 gl s doom
N i N i g
R }
'--u--»\'Nal

08/08/2019

Cutyaums, Kotopas 6bina ao cosaaHua LHC.

2.1) Dark age times |

1) EWSB proposed in 60-ies
2) No significant constraints existed till 70-ies: only indirect
through neutron stars or nuclear physics.

We should perhaps finish our paper with an apology and a caution. We
apologize to experimentalists for having no idea what is the mass of
the Higgs boson, ..., and for not being sure of its couplings to other
particles, except that they are probably all very small. For these
reasons, we do not want to encourage big experimental searches for
the Higgs boson, but we do feel that people doing experiments
vulnerable to the Higgs boson should know how it may turn up.

— john R. Ellis, Mary K. Gaillard, and Dimitri V. Nanopoulos, (8]

0B022019
o 70-x rogoB He MMeNIOCb HUKAKUX CYLLLECTBEHHbIX OrPAaHMUYEHUI Ha
cyliectBoBaHMe 6030Ha Xurrca. bbliv TONbKO KOCBEHHbIE YKa3aHWA, CBA3AHHbIE C
HEMUTPOHHbIMM 3BE34aMU UAN AA0EPHON GUIUKOMN.
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[2.2) Higgs in accelerators era: pre-LHC

@ * W, Z factory

= 4 Z factory 4M ~ 175 GeV
- ‘,\O_"“ .n">11460V ‘M!I!. 2M‘

5 " T Y

3 3

E =

eLEP: ' . E

ete- = ZH . / 3

* TEVATRON: $ :
qgbar - ZH/WH . =50 1

# Indirect constrains through : ==FRidaiie ooy esin £
the EWK corrections. 1 s oz R
’ B F i)

M, [Ge¥)

08/08/2019

Mpobnema Xurrca B anoxy yckoputenen: go LHC.

3) Higgs Hunting at the LHC

08/08/2019

OxoTa Ha 6030H Xurrca Ha bonblwom agpoHHOM Konnaaepe (LHC).
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3.1) Higgs discove A Pronery

¥ 4 July 2012: Higgs boson discovery by w :
ATLAS — CMS from LHC i

@ 2013: Nobel prize to theorist
(Englen-Higgs, Brout died before) in 2013,

@ 2014: Cherenkov prize of Russian
Academy of Science to [gor Golutvin (CMS)

and Aleksandr Zaitsev (ATLAS) for « Major i o e :m:ﬁ
contribution to CMS and ATLAS

experiments al the LHC, qui ont permi la

découverte du boson de Higgs »

DENER01S

4 viona 2012 ropa 66110 co0bLEHO 06 OTKPBLITUM BO30HA XMUITCa B SKCNEPUMEHTAX
CMS un ATLAS.

3.2) What did we learned first e

# Production mechanism: gluon-gluon fusion. > <.
H in the only particle that was discovered through the loops!
# Higgs boson was discovered in V'V channels: H - ZZ, (H - WW), H - vy.
Production and decay in these compatible with EWSB prediction from BEH
mechanism:

— Higgs boson exist with a mass compatible with EWK fits and the

« scalar » hypothesis is preveledged by the data.
— BEH mechanism is responsible of at least 70% of EWSB.
— Indirectly we see that top quark mass is generated by Yukawa coupling.

B } e TR A ek L LR I e T T e ] Rl LL]

- - L

§F Ty

K

"k\ i o

Lol i =1

il . L

L iR N
m...-..".‘ﬂ‘. - " T O " -
1 mil L1 -] (2. 15 (4 EE -] LI L]
m,, [Gavy ! 1 ! P 1

OBDRZ009

MexaHu3M poxkaeHuna Xurrc 6030Ha: Il0OH — IMTIOOHHOE CAUAHKE.
Xurrc 6030H 6bIn OTKPLIT B KaHanax H — ZZ, H - WW, H — vyy.
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3.3) Contribution of |. G. and RDMS to H discovery

¥ Higgs boson discovery detectors: ECAL +tracker (photons, electrons) and
Muon+Tracker system where RDMS and Igor Golutvin played a key role.

¥ The Vector-Boson Fusion production is the most interesting channel for EWSB
understanding. It is characterized by forward jets, relying on Endcap Hadronic
calorimeter that is also an RDMS and L.G. “baby™.

@ HL-LHC forward ECAL would be fully silicon as pioneered by Dubna Silicon
program (1.G. spokeperson) and RD35 program aleady in 1992-94.

08/08/2019
B OTKPbITUN 6030Ha Xurrca Ba’kHOe 3HaYeHne umenu 3I'IEKTpOMaFHMTHbIl7I

KanopuMeTp U MIOOHHas cUCTeMa, B KOTopbIx rpynna RDMS n U.A. TonyTBuH nrpanm
K/NtoYeBble Ponu.

3.4) H boson properties: Run Il

# Measure precisely the Higgs mass Canas T ey
and validate its compatibility between ey e
H-yand H-ZZ at8TeVand 13TeV. v/ | T2 —& = =i
@ Validation of scalar nature of Higgs Evater Sl s MWW wsssevsil
boson from angular distribution: . 10e)
spilw. even parity. / q:‘&h'..’.'. R 1L .u:
3 = .m Ay o "\' N o Y ;
g% S Y
’ lM.,MlMMM . .
P N
l ' % s : Sy
------ . A.V.‘J’.7-_1—.4.>J--V.7--J>- -’.‘A.Au.-'J------'-.'-_.‘A.. 'umJ
o - r— 95% CL excluded
pseudo-scalar contribution

ORON/2019

3a Bpemsa nposeaeHna RUN |l 6bina TouHO namepeHa macca 6030Ha Xurrca u
NnoATBepPXKAeHa ero ckanapHaa npupoaa.
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3.5) H boson properties: Run Il @

@ Direct measurement of Higgs width is limited by the statistics and lepton energy scale at
the LHC.

4 Think-out-of-box approach: fortunately Higgs couples to the mass: when H* - ZZ

(H* - WWw) off-shell channels opens there is a significant increase of the cross section.
Through the imerference with ZZ continuum we can constraint total on-shell Higgs width in
a model dependent way.

@ HL-LHC projections: r":'l' = 4.2°07 MeV (stat+sys),

B B AT Tl o TRl Tt TTR B 1D T

= T
i N ATLAS Gevaann
m'f " =l To¥
K - - s b s FE iy
', ~, meEm
i o -5 s} I
T =
e "‘"\-\._‘ E
i - e -
: -::b‘_ o
L]
=

-FM

CRMEI01%

Mpamoe namepeHune WUpuHbI 6030Ha XMUrrca orpaHUYeHOo CTAaTUCTUKOM M MacluTabom
3Heprum nentoHos Ha LHC.

3.6) 3™ generation
s - o
g L B e " e
!'— "'1—_._‘ x| E rH‘ .D'__ [ -
- et .'-__ = X - =
| E
} o el ® s mrmm B -
- NPT |
E - ='l.l LN --
—_—— - i
: ™ e W e ¥ ] L FI_I_.
i)
. .I_E“_ﬂ-_.".'."._"'.'!""_‘.'.'." Led.. L .kil.
L] i
@ Run I1+Run [ provides per experiment e P
observation of 3" generation Yukawa “[I"'
couplings. I
# BEH mechanism is responsible at least at ! “"\:__
50-70% of the 3" generation mass. s
OROBZ019

MexaHun3m bpayTa-dHrnepTa-Xurrca oTeevaeT Kak MUMHMMYM 3a 50-70% maccel.
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3.7) 2~ generation

# With b-tagging H— bb is already challenging, with c-tagging

H - cc is nearly impossible.

 Alternative idea with exclusive decays appeared to me a way more
challenging than initially expected. —

= Little chance to provide a « measurement » at the LHC. "%~

& h Ty deecarys: :Hmmhwm for 1%2% gnaralon quanks
O B @ i PalshOn OF Quarkoniam slabe .
& Teo comdributicns! direc] and indesd ampluds ;
= Direct amplitude: provides senstivity 1o Higgs-quark couplings T
E Indirecl amplitede: insensitive bo Haggs-guark couplings; |anger than drecl ampliiede
¥ Dakiractive e fedsnon

LL T e
B
b L e B

“Darnct” oonirisafon Tnadrnd ooniituSon

PP — A+ a5 NILS& 03 - fH00 lII:II.u..|J|. (1l P
gy s, Dol SRR

ORMB/2019

BTopas reHepauma ¢epm1OHOB.

3.8) 2" generation éi;' TR ATOR aeeT @

T
, -:r -II-H s T EE
dH =+ pp: e
- We have to fight against large DY of: — s |
background; imponant mass resolution. kgl | ;
- We need to maximize statistics: muons g
acceplance is important. ~g
4 Muon system critical ~ Impontant BDMS role j
for fonward Muon system. e O e ity - A
@ Actual situation: 2-3 times SM. i #-"-*"‘"’ b v
il-ll.—l.I-IC:[anmaillﬂ-‘!ﬁ_ 1Ll IIFﬂlhllﬂlilH‘:L-ll.l
BRI BN LS BT
ju.u. - ".'T""" Ei |:‘!-.I_".;.,'.‘|T ST S P .r:.'
o B b B 'E 0
1 T raf
i ! S i g, S E -y
- I1 - E
mE | —— 4
= l e
I:Inm 'IEA‘;! F o] 73 | =k

gyt | ey T
0gaR0e

Ona namepeHuin No BTOPOM reHepaunm ¢epmMmnoHOB BaXKHOE 3HaYeHne nmeeT
pa3pelleHre No macce AMMIOOHOB, obecneynBaemoe TOPLEBON MIOOHHOM
CUCTEMOM.
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3.9) H - Invisible S PV 100 @

~ ECFA16 S1
~ ECFA16 82

-~ 1//L sealing

.,.

o220

PN CL g et o BOS . o )
©

@The H — invisible is measured assuming SM Higgs production cross section.
@ Critical to coastraint Dark Matter oriented models,

4The Run | + 2015 limit is 25%.
¥ HL-LHC: limit on 5-10% >> BR(SM H).

Limited by MET degradation with large
pile-up (200 PU/evemn).

08082019

H— HeBuaMMBIE MOJIBI pacmaja.

Pacniax H Ha HeBHIMMBIE MOJIBI PETUCTPUPYETCS MPU YCIOBUH, YTO CEUEHUE
poxaenus Xurrca 6epercs n3 CTaHAapTHON MOAEIN. ITO KPUTHUECKU BaXKHO IS
MOZEJIEN, OpPUEHTUPOBAHHBIX HA TEMHYIO MaTepHIO.

3.10) BEH potential I V=-m,? [Hf + \JHJ*

* Direct constraint on the potential

theoretically possible through HH production:
— The cross section 1000 times smaller

than SM H.
— Cross section dominated by top box
digram, the sensitivity to Higgs self

coupling is reduced.

e - L 1L Wik, Illﬂ‘.l-i‘andl:ﬂl MR [ Bt @

MNoteHuman bpayTta-dHraepTa-Xurrca.
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4) Future colliders

08082019

byaywme konnanaepsi: ILC (AnoHua), CLIC (LLEPH), CEPC (KuTan), FCC (LLEPH).

limited by systematics (experimental and theory).

@ 7= generation (p): Phase 1l opens the gate (Carlo R. would be happy).

@ W/Z sector and 3" generation: most of the improvement comes from Phase 1. Phase 11

4.1) HL-LHC impact 300 3mlr:|*
o e
E? ' ATLAS and CMS [ ATLAS Simdaton Preteieary 1 |
" | LHE Run 1 ! | By, Bal il e bl ’I..l |
I 1 = L LB b-wd .
s -! 1§ it I-.-*-;h!..l.r':l I < |
] A L : !
i | B ]
| .! w* 2 £ e TV 1
o | . ¥ fla-m08"
’ } ATLAS.CMS | ol 8 ~jasumy'
W — B Hiage koeon 1' . T - e I
[ — M)l 3 1
B 55% CL v 1.
moo Ll il
10} | i 0 ]
0w’ 1 1 I o ST I 5
Paricle mass [Gav) 1o 1 0 1
@ Assuming no new physics in I, o myg om - gy - 02

OE 0801

OxunpaHus oT HL-LHC (LHC c BbICOKOM CBETUMOCTbIO).
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4.2) Lepton colliders

| et 19089430 | -
AN AR AR AL ST SRR SR AN R Beae g . W
-

N

AN R AL e Ge s N M mgm— T -

AR LB R Em .
S A SR SR N e g (Y

Tom ragge Donon ' ‘O

—h
o
LR B

o @

Higgs boson couplings [%)

CT

1%

F
L

: 2
O P 2, D0, 7,0, P 0, 20,

@ Measure the couplings Bosons, 3" generation with 1 % precision
necessary to exclude weak BSM physics below 1 TeV.

@ Measure 2™ generation with 5% precision.

* Measure in a model independent way: total width, total production /
decay fractions.

08/08/2019

JlenToHHbIE KONNAKAEPbI.

4.3) High energy hadron colliders: Higgs physics

= B

a1}

@ Measure the Higgs potential parameters.
= High p, probes: Measure the longitudinal vector boson scattering —

unitarisation with BEH mechanism.

CRAR0LS

AZpOHHbIe KONNanaepbl BbICOKOM sHepruun: Xurrc pusmka.

57



User
Rectangle

User
Rectangle


CONCLUSION

4 The LHC discovery opened a door to the understanding of the BEH
mechanism.

4 Despite what one can think we doesn’t know it so well yet. There is a huge
program to be performed before claiming:
“BEH is THE EWSB mechanism and is THE origin of fermion masses and
is / is not the portal to Dark Matters
- 2™ generation Yukawa
~ Shape of BEH potential
— Unitarization of longitudinal scattering
Invisible and rare decays.
1" generation!
— Branchings with 1% precision at least.

@ All the projects of future colliders position themselves at least partially as
Higgs factories.

# RDMS and I. Golutvin played a key role since 30 vears in this adventure and
a lot remains to be done.

bBonbllol agpPOHHbBIN KONNanaep OTKPbIA ABEPb K MOHMMaHMIO MexaHn3ma bpayTa-
3HrnepTa-Xurrca (BEH). Bce npoekTbl ByayLwimx Konnamaepos NO3MLMOHUPYIOT cebA,
No KpanHel mepe 4acTU4HO, Kak pabpukn 603oHoB Xurrca. RDMS Konnabopaums u
U.A. TonyteuH 30 neT urpanm KAUeBYH PoJib B 3TOM NPOLLECCe U MM MHOTO eLLle
npeacTouT caenatb.
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N. pe bapb6apo

YHusepcumem Pouecmep, CLLIA
-

Kanopumetpua CMS: npownoe u byayuiee

CMS Endcap calorimetry: Past, Present and the Future

Dubna, Russia
August 8, 2019

Pawel de Barbaro,
University of Rochester, USA

Agg Bn, 2019 Pose! Se Sartaru. Ummarnyty of Sox Senter

Topuesas KanopumeTtpua CMS: npownoe, HacTosLLee u byayuiee.
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dedicated to
celebration of 85" anniversary
of Prof. Igor Anatolievich Golutvin

[oKknag nocesweH obuneto npodeccopa fonytsmnHa N.A.

The CMS Detector and HCAL

Under leadership of Igor Golutvin, RDMS, and Dubna group in particular, played
critical role in the design, construction and commissioning of CMS Hadron Endcap
calorimeter. Endcap nose with brass absorber plates and scintillator megatiles were
designed, built, tested and installed by RDMS groups.

SORATRAY  WRAARLE

Mopg, pykosoactesom Uropa lonyteuHa RDMS un, B yacTHocTu, rpynna Ay6Hbl cbirpanm
KPUTUYECKM BAXKHYIO PO/ib B MPOEKTUPOBAHUK, CTPOUTENLCTBE U BBOAE B IKCNAYyaTaLMO

TOPLEBOro agpoHHoro Kanopumetpa CMS.
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Hadron Endcap calorimeter Manufacturing Sites

“wr -l N,

ayg }OL'F Powr e Batars Umenyty oF Wi bemyiee

v
5

npOM3BOACTBeHHbIe naowaakum Topuesoro a4poHHOIro KaaopmnmeTpa.

“Beat their swords into plowshares”

The RDMS groups, under leadership of Igor A. Golutvin made major contributions to the design
and construction of HE (mechanics and optics) and mechanics of Hadron Forward (HF).

* Mechanical design by NIKIET including connection to endcap yoke

* Brass absorber plates were rolled in IZHORA of St. Petersburg

*Machined and pre-assembled in MZOR of Minsk AN r
*Scintillator megatiles machined at Kharkov D R TR YOI OB O

O Ty fal Senl B peer D BT Jawnta TR 63 D CuaD I

* Megatiles assembled and tested in Protvino (remotveds swis a ot A e g Srm, Amhe b

B0 v wy mew Outed 2.0

«I'IepeKOBanM CBOU MeYnN Ha opana»
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HE Installation at CERN

The HE installation team was lead by Vitali Kaftanov of Moscow - ITEP, His team included V. Smirnov
(engineer from Dubna, Alexander Vishnevsky (also an engineer) and A.Volkov (physicist from Protvino)

The Megatiles were installed into the slots of the brass Matrix. The WLS fiber was Connected to Readout
Boxes (RBXs) via clear fiber,

MeraTalinbl yCTaHaB/NMBaAUCh B Na3bl 1aTYHHOW MaTpuLbl. CNEKTpOCMeLLaloLLIMe BOOKHA
MOAK/MOYANNUCh K CYMTbIBAOLLEMY YCTPOMCTBY.

HCAL Endcap: Design and Manufacture

Long list of names of physicists and engineers from Dubna, Protvino, Minsk,
Moscow, Kharkov, Sophia, ..., who participated at the design and construction
stage of CMS Hadron Endcap calorimeter.

L R e S e T L o B R W
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Ry =Y A [ o Wi, Pasallen, '] Sglnde i pie - alied I P o W e gy T
-t-'_“ TR T AT L T - m:.—nu-ul—ﬂ e
r"-'_"“ ."_ B D = vlarrhs o g sl wed egaEri sy et " il — [
T P Phdars oF magamtre, ilboernd Boe A il OF b e die'asd - [rEn
b L e L ] B Pt e o b s ] i el e i
Tl T -
:;—ndl B P Y gy
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T Ve § iy ] . _f BTyl

] ""'"I e ey |
=h-n-u:l. - Ili-—l— e g o S et | e & T ke
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LT ——— :‘-"' § i—— o — i . — by RSP, —
- o —— L L [ T ——
. . am - T —

. e i g b e -

"‘i'
I
it
fHe
i
i
.

&
F-

||§ i;ﬂ;i“

g I, 20U Faer on Bamars, Ureeris of Booraw

ONVHHBIA CNUCOK MMeH PU3NKOB U UHKeHepoB U3 [y6Hbl, MpoTBuHO, MuHcKa, MOCKBHI,
XapbkoBa, Coduu, ..., y4acTBOBABLLUNX B MPOEKTUPOBAHUN U CTPOUTENLCTBE aAPOHHOIO
Topuesoro Kanopmmetpa CMS.
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The future at CERN: High Luminosity LHC Timeline

/ Phase | Phase I

| Spring 2015 | August 2019 Autumn 2025
HOCa! selectad for upgrade compieton of | CMS Master Schedule
lacusm | | Prase upgrade [ | HGst10 5o lowsred J0B UGS |

Asg s 2009 Pawed oo I o y of Bo

byayuwee LLEPH: pa3suTmne bonblioro agpoHHOro Konnanaepa c BbICOKOM CBETUMOCTbIO.

Signal loss of HE calorimeter vs Int. Luminosity

o

—— R | Rund “l'll.‘LHC:’,..

<
meegrmed hvinoury (T4 ')

Fagerw 210 Beageons bom o0 1 Lanet | 0n (amnss § Smers srivagrd cnee 4l § Smers o 4
Lrntew il g red Lommads The warerve s e mewaian] & Se wgru| # e begrweng
ANV i mvmnciss et vo Loy giunnd) 3 ondom = oo blomesd oy Bo bmesl § g

Both Hadron Endcap (HE) with scintillator/WLS fiber readout and Electromagnetic Endcap (EE) with Lead
tungstate crystals were designed for integrated luminosity of 500 fb 2,

Radiation damage to active elements of present CMS Endcap detectors much beyond this integrated luminosity
would lead to performance degradation, and in effect, unacceptable 10ss of physics performance.

A en, 20019 Paesi 00 Dartam Lroversty of Rochester

PagMauMoOHHbIe NOBPEXKAEHUA aKTUBHbIX 3/IEMEHTOB CYLLLECTBYIOLLEIO TOPLLEBOrO
AeTtektopa CMS cTaHOBATCA HAMHOTO 60/blUe NPU POCTE UHTErPaibHON CBETUMOCTH, YTO
NPUBEAET K YXyALIEeHMO Pabounx XapaKTepPUCTUK U, MO CYyTH, K HEMpUEeMIEeMON noTepe
bM3MYECKMX XapaKTEPUCTUK.
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Expected doses and fluence in CMS
endcap region after 3000 fb?

OO0 g Caiusans o T To¥ pov Buam
o Wsaind e 4 3000 #

CMS pp coliamns o T To¥ por baam
o S W s Suncs in Stoon m J000 '

......‘ﬁA

.-
-

-
e ———

Tgmm L) (o o smarwg cobomm o mmmdotd @ 184 UL amr o s e e [e— 'ww'~ ...__‘.“s.,.._...ﬁ...._..,,
B e Ll e D e e e T P BRCAL sher - vy ! ) g B AN e e
Ten el ey e bhnd cmbome  em) Bl I I e R e

- — - — t——

The replacement will need 10 tolerate up 1o 200 Mrad after 3000 b, and a fluence of 10 n/em?,
It will also require good signal 10 noise ratio for minimum-ionizing particles for accurate calibration throughout HLLHC,

Agg Ben 2020 Pawsl 00 [ yof

O)ungaemble A03bl M NOTOK B TopLeBol obnactn CMS nocne AOCTUNKEHMA CBETUMOCTH

3000 fbl. Mocne mopepHM3aLMKN AETEKTOP AONXKEH Bbiaep>knsatb 200 Mpag nocne
poctukeHunsa 3000 fb! n HelTPOHHBIM NnoTok B 10° n/cm?.

High Granularity calorimeter: Il
key features

* Sampling calorimeter x
* Unprecedenied transverse and longitudinal readout

segmentation
» SHcon in high radation areas
+ Scintilating tiles i the low-radiation region

* Coverng 1.5 <n < 3.0, operated at -30 *C

* Nomenclature —— s
+  NGCa * High Gramutarny Colormeter
« CL~- MMWMMW.
» CEE~C Endcap -
* CEM = Calormeter ENdcap - Aadronic Secton ' '
A B 2010 Pawel o Bartars Uneaily (f Aoreier

KanopuvmeTp BbICOKOW FPaHyIAPHOCTU: K/IOUYEBbLIE XapPaKTEPUCTUKM.
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High Granularity calorimeter:
absorber and active material

Active Séicon sensors Scintilators
Absorter Po, Cuw, Cu Stainkess stoel, Cu
Degzh 263, L7TA 34em 9
Layers 28 8 16
Wesght 231 2051
Aea ;; 500 m*
# Modules 27,000 2500
Channols Sie 051 cm? 430 cm?
# Crannels 6 Mo 400k
Op. temperature 30 *C 30 *C
g en 2019 Punel e Bartars. Unaerwty of Rochester

KanopuvmeTp BbICOKOW rpaHyIAPHOCTU: MOMOTUTENIb M aKTUBHbI MaTepuan.

Silicon and SiPM-on-Scintillator Modules

HGCal Modules and Cassettes

+ Camatins provide wpport and cooling for the modules

g en, 2009 Pawel 00 Bahom. Ursversey of Rochesser

P T 00 NGl b 1o b 8 VBT e g gy o ey < W
¢ Sordmmnmed ovg 10 ¢ a0k 5 The gpen.

B e ]

Figure from HGCal TDR

WD MO NS N AR e R G0
T

-
SN e

o
T
e .

o . el

KpeMHuneBble Moay N U MOAYAN U3 CUUHTUANATOPOB C KPEMHUEBLIMM

doToymHokutenamm (SiPM).
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Contributions of RDMS groups to the
design of HGCAL

Under leadership of Igor Golutvin, Dubna group contributes (o the design of futune CMS
endcap calorimeter, HGCAL

Participation in the radiation damage of Scintilator tles with direct SiPM readout

Devalopment of a technique of manufacturing and assambling of scintillator tiles
and SIPM nesdout

Prototype cooling plate for CE-H cassettes
Other contributions

g Bn, S0 P! il B Taiei Ty Lvwmiesi® y i B e

Moga, pykosoacteom Uropsa fonyTeuHa rpynna Jy6Hbl yyacTByeT B pa3paboTke byayuiero
TOPLEBOro KasiopumeTpa BblCOKOM rpaHynspHoctu HGCAL gna CMS.

SXANSRNEY., AW Moptrntsev’, W ViInhavw', LA Galtvn’,
NGO, AL NN VA Smrniy, N1 D)

et - b e b “ame Sman e

Absorbed dose measured by film dosimeters in the HE
calorimeter

Installation of several raws of film radiachromic dosimeters (FWT.60):
two measurement sets along L1 megatiles and two sets along L2 megatiles.

b L2b

i
L3
.l
i
E
d
i
y
!

Acg . 2009 Poww de Batam. Urvwena®y of Bochewte: pL

MornoweHHasa A03a, U3MepeHHasa A03MMETPUYECKMMM MIEHKAMU B 30HE YCTaHOBKM
KanopumeTpa.
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Castor Radiation Facility (CRF) at CMS

CRF Tower Assembloed

CRF was located in very forward region of CMS
allowed to carry out radiation damage studies of
Scintillator prototypes for Scint-SiPM section of HGCAL.

tostad seng

e

g B 2050 Fomel de Bortlaes [ ant, 4 Wateouie

3oHa CRF(Castor Radiation Facility) pacnonoeHa B camoit nepeaHen yactn CMS, uto
NO3BO/IN/0 NPOBECTU UCCNEA0BAHUA PAANALMOHHbBIX MOBPEKAEHUA NPOTOTUNOB
CUMHTUNNATOPOB.

s Castor Radiation Facility at CMS:
o> Scintillator tiles LO measurements at CERN Collaborative effort of Dubna, INR,
W cosmic rays setup (Sc307 & “Caller™ type) Protvino and Rochester groups

Data acquisition were provided by Dubna team (Sergey Afanasev et al.).
SIPM - MPPC $12572 015P with active area 3x3 mm (room temperature)

W

(Data processiog from Protvino taan )
< S v . ey — Al CRF, dose of 0.5 Mrad was
i 3 delvered with rate of 0.5 krad/hr.
Rigm i 1 A At HGCAL, for the dose of 0.5 Mrad
: +*- ? - We expoct rates ~ x20 lower !
e : | Based on CMSHE data, we would
expect dose constant to be ~ x4-5
iy ' s e smaller, implying damage will be
[P —— lager.
LO degradation at the level LO degradation at the level
of absorbed dose! of absorbed dose:
0.5 Mrad s about of 20% 0.5 Nrad = about of 0%
1 Mrad - ~40% 1 Mrad - ~50%
Anarel Unusvpan HOCAL SPM-on-The Mestng. 22 May 2019 8
Aag Ben 2049 Pased 00 Baman. Lrrweras)y of Rocheser

Ha CRF go3a 0,5 Mpag, HakanimMBanacb co ckopocTbto 0,5 kpaa/yac. Ha HGCAL ans
£03bl 0,5 Mpag Mbl oXkngaem, 4To nokasatenm byayt npumepHo B 20 pas HUMKe.
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Prototype of macro-tile developed at Dubna

Prototype modules were designed and built in Dubna,
Modules were aiso provided 1o CERN, FNAL and DESY
for paraliel tests and evaluation.

S.V.Afanasiev’, AYu.Boyarintsev’, M.V.Donilov'*,
Yu.V.Ershov, | A.Golutvin®, N.V.Gorbunov’,
B.V.Grynyov’, AL.Molakhov’, E.V.Popova®,
V.A.Smirnov’, B.S.Yuldashev®, N.L.Zamyatin®,
AV.Zarubin®

" INR. Do, Base

! virate for Soendioton Metenah (TSMA L Khorkoy LATane

! Ledediew Phyaicel imttute AN Mowcow, Retalo

¥ Natonel Reseonth Nucheor University (NEPN) Moot ow Rusia
¥ ititute of Nuckeor Mhysics (IWF)] Toshhent, Labebinton

B AybHe co3aaHbl onbiTHble 06pa3ubl moaynen. Moaynu 6binm HanpasneHsbl B LEEPH,
®HAJT v OE3UN ana napannenbHbIX TECTOB U CPaBHEHMUA.

Example of other contributions to HGCAL by
RDMS groups: copper cooling plates for CE-H

Last year, Minsk group has produced several small size prototypes of cooling paneis for studying and
mastering the technological process of production of this product.
This year, they are preparing full size prototype cooling plate for CE-H.

My 41,2048 Posel 00 Bartarn, Unaenuty of Rocreste:

B npowwsiom rogy MMHCKan rpynna U3rotosuia HECKObKO ManorabapuTHbIX NPOTOTUMOB
OXNaXKAAIOLWMX NaHeNein AN U3y4eHMs M OCBOEHUA TEXHOIOrMYeCcKoro npouecca
NpPOM3BOACTBA 3TOMO NPOAYKTa.
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Last slide

Under Igor Golutvin's leadership RDMS has provided critical contributions to the
development of CMS endcap calorimetry at the initial stage of its design in 1990-ties,
during construction in early 2000s, as well as throughout the vears of operation of the
detector.

We are now preparing CMS or High-Luminosity upgrade of LHC.

High Granularity Calorimeter is designed to be a superb detector providing an
unprecedented amount of information, but it is also obvious that realizing this detector
involves serious technical challenges.

RDMS groups participate to the design effort of Scintiliator/SiPM section of HGCAL.

Thank you Igor for years of your involvement, your wisdom and leadership role in this
effort.

g . JOLE P i o .

MocnepHwnin cnana. Nog pykosoacteom Nropsa fonyteuHa rpynna RDMS BHecna
BaXXHbIN BKNAA B Pa3BUTUE TOpLeBOM Kanopmumetpum CMS Ha HayanbHOM 3Tane eé
npoektTMposaHuAa B 1990-x rogax, Bo Bpema co3gaHunA B Havane 2000-x rogos, a
TAKKe Ha NPOTAXKEHUM MHOTUX IET IKCM/yaTauum geTeKkTopa.
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O.B. Tepses

Ha4anbHUK Hay4YHO-3KCNepumMeHmanbHo20 omoesna (hu3uKu
CMosIKHoB8eHUU maxcenbix UoHo8 Ha Komnaekce NICA ONAN

CnuHoBasa u HoBaa ¢pusuka Ha CMS

MonApu3aLMOHHbIe AaHHblE YacTO CTAHOBWJ/IUCH KNaabuwem MoAHbIX
Teopuii. Ecnm 6bl TeopeTUKM A06UAUCL CBOEro, OHU Morin Bbl MPOCTO
NOJIHOCTbIO 3aMPEeTUTb TAKUE U3MEPEHNA B LLENIAX CAMO3ALLMUTDI.

A\

\

Pslarirerion dats Aar offen Bies P pm-n‘w"
farhanable Mhorer.

IF theerists hod their way, thiy might jurt ban suh
mwr#m

Main Topics clinicead

= Spin and invariants of angular distributions
= Virtual photon/graviton polarization at CMS

» Missed transverse momentum angular
distributions and probes of dark matter

OcCHOBHble TeMbl A0KNaAa:

- CMWH U MHBAPWAHTbI YINOBbIX pacnpeaeneHni;

- BUpTyasibHasA GOTOHHO/rpaBUTOHHAsA nonapusauma Ha CMS;

- YrnoBble pacnpeneneHna no HegoCTaloWemMy NoNepeyHoOMy UMMYAbCY U
NPOBHMKM TEMHOM MaTepUn.
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Spin and angular distributions
at CMS

= 2005: Invitation of I.A. Golutvin to
participate in CMS activity and to visit
CERN

= Model-independent search of new
physics?

= Possible role of spin and angular
asymmetries (less sensitive to pdfs — to
be measured from xsections)

CnuH n yrnosble pacnpegeneHna s CMS.

B 2005 r. poknaguunk nonyynn npurnaweHune ot N.A. fonyTBMHa y4acTBOBATb B
npoekte CMS n nocetutb LLEPH gna peweHua 3agay: NOUCK mogeNbHO
He3aBMCMMOWN HOBOM GU3NKN U BO3MOXKHAA PO/Ib CMMHA U YINOBbIX
aCUMMETPUN.

* Angular distributions

= SM gauge bosons: detailed check of
production mechanisms

= Higgs — spin 0 — isotropic distributions
= Gravitons — spin 2 — 4 component density

matrix — cos*0 enters — searched for and not
found (CMS: 5. Shmatov, M. Savina)

= Any s-channel resonance — slow decrease
with angle/transverse momentum

= How to measure (frame)?

YrnoBble pacnpeneneHuns no3BosAoT U3ydYaTb LWNMPOKUIA KPYT ABIEHUIA.
B 4acTHOCTM BO3MOMKHa AeTa/ibHas NPOBEPKa MeXaHM3Ma POXKAEHMSA
KannmbpoBoYHbIX 6030HOB CTaHAAPTHOM MOAENN U APYTUX NapaMeTpoB
3TOM Mogenu.
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Kinematic azimuthal asymmetry from polar one
(OT05)

m
dor x | 4 ,\‘.( rnﬁl" = ] 4 ,\"c ase U"..'“

Only polar asymmetry with respect to m!

sl = cos B oos ity + sind sin th, cos o N 2 — 3sin” Gy

azimuthal angle appears with new "D 4 Nosin Oy
Dsinrth,

e | AT, S

Ay - invariant! D 4 Ngsin® thy

KnHemaTumKa aammyTaanoﬁ ACUMMETPUN B I'IOJ'IFIpHOl‘;1 cnucreme KoopamHar.

Generalized Lam-Tung relation

= Relation between coefficients (high school math
sufficient!)

A+ s
Ap = T

| — 1

= Reduced to standard LT relation for transverse
polarization (A, =1)

= LT (physical meaning originally unclear) - contains
two very different inputs: kinematical
asymmetry+transverse polarization

= Rederived in 10's: . Faccioli, C. Lourenco, J, Seixas, and H. K. Wohr,
The European Physical Journal C 63, 657 (2010).

= J.-C. Peng: Non-coplanarity — violation of LT

ObcykaaeTtca 0606LEeHHOe cooTHOoLEeHMe JlTama-TyHra, KOTOpPoe XapaKTepusyet
yrnoBble acUMMmeTpun annentoHos [penna-AHa. KuHemaTMyeckas asMmyTasibHas
aCMMMETPUA MOKET MPOABAATLCA A4 AUNENTOHOB, 06Pa3yIOLNXCA B KBAPK-
FMHOOHHOM Na3me U aApPOoHHbIX cpeaax, X NoAAPHan Yr10Bas aCUMMETPUA MOXKET
OT/INYATLCA U ABNAETCA A0BOIbHO YYBCTBUTENbHOM K MEXaHU3MY POMKAEHUS..
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Recent activity (triggered by CMS
measurement of Z decay angular
distribution)
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HenaBHAA aKTUBHOCTb, BbI3BaHHasA MU3MEPEHMEM YI/IOBbIX pacnpeaeneHuii pacnaja
Z 6030Ha Ha CMS.

i Detailed tests of SM at LHC

WHWWHI@MHM Jen-
m:s'“'mm Evan McOeflan, and Oleg Terybew;

Benetca aetanbHaa nposepKa CtaHaapTHOM moaenu Ha LHC, ¢
MCNONb30BaHMEM YINIOBbIX pacnpeaeneHuin Nnpu poxaeHnm Z 6030HOB.
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!-‘ CMS (8 TeV) data
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[OaHHble CMS npu sHeprum 8 TaB, KoTopble HeEOHXO0AMMO YUNTbIBATL NPU
TeopeTUyYeCcKmnx NoCTPoOeHUAX.

New activity at CMS initiated by
[.A. Golutvin

= Ilya Gorbunov: 13 TeV data+ dilepton
mass apart of Z peak + e/p + modeling
of various subprocesses + test of the
absence of new (cos*@...) terms...

= New option: angular distribution of
missed transverse momenta (~ spin of
unseen particles)

HoBasA akTMBHOCTb, MHMLMNPOBAHHAA N.A. TonyTBuHbIM Ha CMS.
MogennpoBaHue pasiMyHbIX NpoueccoB Npu sHeprmn 13 TaB n nsydeHue
YrNOBbIX pacnpeaenieHnin No HegoCTatoWeMy NONepeyHoOMy MMMYAbCY
(cnWH HEBMAMMbIX YacTULL).
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+

sHAPPY
BIRTH DAY, dear
Igor Anatol’evich!

C aHem poxkaeHua, goporon Nropb AHaToNIbeBUY
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U.M. OpémuH

nasHbIl Hay4HbIU compyOHUK, 3a8edyrouuli
nabopamopueli pu3uKu 8bICOKUX 3Hepauli usuyeckozo
uHcmumyma um. I1. H. /lebedesa PAH

YnbTpanepudepuueckue agepHbie
B3aMMOAENCTBUA: IKCNEPUMEHT U Teopus

Ultraperipheral nuclear collisions:

experiment and theory

.M. Dremin

Lebedev Physical Institute, Moscow

To the 85th anniversary of |. Golutvin,
Dubna, 08.08.2019

YnbTpanepudepuyeckme aaepHble B3aMMOAENCTBUA: SKCMEPUMEHT U TEOPUA.
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ULTRAPERIPHERAL = LARGE IMPACT PARAMETERS
b> 2R4 - unmeasurable!
Measure fiducial cross section and compare with theory!

Interactions of ions colliding at large impact parameters
proceed as the interaction of photons from the
electromagnetic clouds surrounding both ions.

E. Fermi, Z.Physik 29, 315 (1924)

C.F.V. Weizsicker, Z Physik 88, 612 (1934)

L.D. Landau, E.M. Lifshitz, Phys.Zs.Sowjet 6, 244 (1934)
MNOTE: 2019-1934=85 - the 1G-birthday present!

E.J. Williams, Kgl. Danske Vidensk. Selskab. Mat.-Fiz. Medd. 13,
4 (1935)

LL (1934) 7 —e'e

M. Viysotsky, E. Zhemchugov, arXiv:1806.07238 (ATLAS)
45 =+ T - purely electromagnetic interactions!

D. d’Enterria, arXiv:1808.03524 (CMS)

¥y —+ 77 (e- and g-loops)

I.M. Dremin, arXiv:1903.12377

=+ —R (hadron resonancel), i.e. 44 — q§

B3aumogelicTBue MOHOB, CTA/IKMBAOLWMXCA NPW BONbLIMX NapameTpax yaapa, NpoucxoanT
KaK B3anmogencTene GpoTOHOB M3 3/1EKTPOMArH1TbiX 06/1aK0B, OKpY»KakoLmx 0b6a MoHa.

Asymptotics and preasymptotics.

LL o x In®y = asymptotics (v = E/m)
D r:ruxl:niﬁi'-;":—i- v > 2Rampg - pre

VZh exin®® 5 ~>w/j- pre

(§ defined by nuclear formfactors, i.e. by Ra)

The most fascinating common feature is the rather
fast increase of the cross section with increasing
energy as In’ s. The growth of the photon flux
density at low photon frequences is its main source.
It overshoots the famous Froissart bound In® s for
increase of hadronic cross sections. The long-range
electromagnetic forces admit such a possibility.

Preasymptotics (ignored by LL!) is determined
fa-::tnri inside Ing(agrithms.bﬁ deands on the ﬁdl.lljgiai
cuts!

Hanbonee nHtepecHomn obLwen ocobeHHOCTbIO ABNAETCA A0BO/IbHO BbICTpOE
yBeNnYeHme NonepeyHoro ce4YeHun ¢ yBeIMYeHUEeM SHEPTUN.
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Theory.
The photon flux dn/dx is dominated by photons
carrying small fractions of the nucleon energy x:

dn 2Z2%a In 1
dx  7wx  4Raxm’

where the ion radius is R4 (= 7 fm for Pb), Z is its
charge and m is a nucleon mass. Large Z!

The exclusive cross section of production of a
resonance R by the two-photon interactions

A+ A=A+ (yy = R) + A may be written as

dn dn

gaa(R) = /dxldxz-a-;a—’—(;a.,.,(R).

Teopus. B notoke ¢poToHoB dn/dx npeobnagatoT GOTOHbI, HECYLLME Manble 40NN SHEPTUN
HYK/I0Ha.

The cross section of v+ v = R:

87T 1ot (R)

f"r'r{ R} - mR

Br(R — 77)Bry(R)&(x, %3500 —m3).
Here mg is the mass of R, [ R) its total width

and Bry(R) denotes the branching ratio to a

considered channel of its decay. The d-function
approximation is used for resonances with small

widths compared to their masses.

The integrals can be easily calculated so that one

gets the analytical formula

UM{R} o R
126 7402Br(R — 77)Bra(R) 248 In® glo=

Annpokcmauma d — pyHKIKMEH UCTIONB3yeTCs AJIsl PE30HAHCOB C MaJIOW MTUPUHOI 110
CPaBHEHUIO C UX MACCOM.
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Experiment.

d'E Evidence for light-by-light (LbL) scattering, 4y — v, in
ultraperipheral PbPb collisions at a nucleon-nucleon
center-of-mass energy of 5.02 TeV is reported. LbL scattering
processes are selected in events with just two photons
produced, with transverse energy E; > 2 GeV, pseudorapidity
7| < 2.4; and diphoton invariant mass m"" > 5 GeV,
transverse momentum p;' < 1 GeV, and acoplanarity < 0.01.
After all selection criteria, 14 events are observed, compared
to 11.1 4+ 1.1 (theo) and 3.8 + 1.3 (stat) events expected for
signal and background processes respectively. The significance
of the signal excess over the background-only hypothesis is
4.10. The measured fiducial LbL scattering cross section,

122 + 469(stat) + 29(syst) + 4(theo) nb is consistent with the
standard model prediction.

DKCNEepUMEHT.

MpeactaBaeHbl 4OKA3aTENbCTBA pacCeaAHUA CBeTa Ha CBeTe B
yneTpanepedupmyeckmnx Pb+Pb cToNnKHOBEHMAX NPU SHEPTUM B CUCTEME LLEHTPA
macc 5,02 T3B. Mocne BbinonHeHMA Bcex Kputepmes otbopa Habaoaaetca 14
COObITUI, YKA3bIBAOLWMX HA 3TOT 3P PEKT.

V' Zh Equivalent photon approximation is used to calculate
fiducial cross sections for dimuon production in ultraperipheral
proton-proton and lead-lead collisions. Analytical formulae
taking into account experimental cuts are derived. The results
are compared with the measurements reported by the ATLAS
collaboration.

Predict =34.4 ub at 5.02 TeV with 3 fiducial cuts on
invariant mass of g™ u~ pair, the muon transverse momentum
and muon pseudorapidity.

Agrees with ATLAS data (PbPb, 32.2+0.34:£3.5 ub).

pp is OK also (with @ = 3 pb).

Parameter § o 1/R, (pp-200 MeV; PbPb-20 MeV at 0.8
fm—7 fm); w o mg

Estimates of the resonance cross sections

D  PbPb(++) —PbPbR

77 a4 = 15.2 mb at 2.76 TeV (22 mb at 5.02 TeV)

0 = p°+7: 044 = 1.6 mb at 2.76 TeV (2.8 mb at 5.02 TeV).
Strong condition - impact parameter b > 19 fm

MpnbnnkeHne 3KBMBANEHTHbIX GOTOHOB MCNONb3YETCA AN pacyeTa CeyeHui
06pa3oBaHUA AMMIOOHOB B y/bTpanepedrpuyecknx NPOTOH-NPOTOHHbIX U CBUHELL-
CBUHLOBbIX CTO/IKHOBEHMUAX.
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Conclusions

e [he cross sections of ultraperipheral processes
increase as In® s at asymptotically high energy s.

s Preasymptotics depends on fiducial cuts

o Cnmparlsun Wlth experimental data on
LbL-scattering (CMS) and with ATLAS data on
i~ production in pp and PbPb collisions
shows good agreement.

o The estimated values of the cross sections for
ultraperipheral production of resonances are
quite optimistic for high energy experiments at
RHIC and LHC.

» Fiducial cuts strongly diminish the measured
values of the cross sections. Their impact on
possible experimentation at NICA should be
carefully studied.

OueHOoYHble 3HAYEHUA CeYEHUI yabTpanepedpUnHOro obpasoBaHUA pe3oHaHCOB
BeCbMa ONTUMMUCTUYHbI 419 SKCNEPUMEHTOB NPU BbICOKMX 3Heprmnax Ha RHIC n LHC.




BcTpeuu ¢ gpysbamu
U Koaneramu






Uropb AHaTonbesmy lonyTeBuH ¢ cynpyron MHHOM leoprmesHoM,
cbiHOM AHgpeem Uropesuyem n pektopom MAW akagemukom PAH
HOprnem Anekceesmyem PbiKOBbIM

Nropb AHaToNbeBUY ¢ HOBeneBckMM naypeatom K. Py66ua,
reHepanbHbim gmpektopom LEPH B 1989-1993 rr.
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N. A. TonyteuH c anpektopom OUAN akagemukom PAH B. I. Kagbiwesckm

Uropb AHaTonbesnd ¢ Muwenem enna Herpa
(pykoBogutenem CMS B 19922006 rr.)
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H. M. LLymenko (nonHOMOYHbIN NpeacTaBuTens MpasuTtensctea Pecnybankum
Benopyccum 8 OMAN) n U. A. TonyTBmH

Mpodeccop M. B. CopokunH (YKkpanHa), 3. 3. booc (npodeccop HUUAD MTY)
nWn. A. TonyTBuH
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Mpodeccop C. B. Pycakos (PUAH) c Uropem AHaToNbeBUYEM

AOvpektop OPBI MNMNUAD A. A. Bopobbes nosgpasnnet
Nrops AHaTonbeBMYa C ObUNeem
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Cnesa Hanpaso: W. A. TonyteuH, U. I. lonyTBUHa,
B. I KagbiweBckuit, P. B. MaTBeeBa

FnaBHbIN KOHCTPYKTOP HUKNIT B. M. CMeTaHHUKOB 1 coTpyaHUK HUKNIT
A. H. Opnos Bpy4yatoT namaATHyto Harpaay WM. A. lonyTBuHy
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Uropb AHaTonbeBnY 1 npodeccop /1. b. /intos (bonrapus)
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Mpe3naeHT Akagemum HayK Y3bekucraHa b. C. FOngawes ¢ U. A. TonyTBUHbIM

7

Mpodeccop Tomac Mionnep (Kapncpys, lfepmanua)
nosgpasnset U. A. lonyTBuHa c tobuneem
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O6cyxaeHue c NaBnom ae bapbapo (Pouectepckuin yHusepcutet, CLLUA)

Anckyccna ¢ akagemunkom PAH M. B. aHunosbim
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CneBa Hanpaso: U. A. TonyTeuH , npodeccop WU. BaHkos (Bonrapms)
n akagemuk PAH B. A. MaTBeeB

N. A. TonyTtBuH, A. B. 3apybuH (HayanbHUK otaena OUAN)
n npodeccop A. Ckyaxa (CLUA)
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Akagemuk PAH 0. L. OraHecaHn n U. A. TonytBuH Ha yctaHosBke CMS 8 LUEPH

Nropb AHaTonbesud 1 Bnao ToHennu (Utanma) —
pykosogutens CMS B 2010-2011 rr.
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Mpodeccop PUAH A. U. Nlebenes beceayet ¢ . A. TonyTBUHBbIM
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N. A. TonyteuH , B. A. MaTBees 1 3. 3. booc B CamapkaHae
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lnasHbIM cneymannct HMNO «Anmas» E. . Hukndopos ¢ U. A. TonyTBUHbIM

Mpodeccop U. A. TonytenH n npodeccop A. U. Manaxos
Ha coBewaHmnmn B TallKeHTe
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CoTtpyaHuk rasetbl «Monck» C. B. benaeBa u monoaon ¢pusmnk
N. H. TopbyHos (ONAN) beceaytoT c Uropem AHaToNbeBUYEM

Cnesa HanpaBo: pekTop CamapkaHAcKoro yHusepcuteta P. U. Xonmyponos,
U. A. TonyteunH, akagemuK B. A. MaTBees
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U. A. TonyteuH u gupektop YHU, OUAN C. 3. Marynak

M. pe bapbapo, U. A. TonytBuH 1 P. Pyxtn (yHUBepcuteT Hotp-Aam, CLLA)
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Beaywui koHcTpykTop CMS HO. B. Epwos ¢ U. A. TonyTBUHbIM

M. Oenna Herpa, K. Acnona n U. A. TonytBuH
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[. WHkaHpena (pykosoantens CMS 8 2012—-2013 rr. ) u U. A. TonyTBuH

YneH-koppecnoHaeHT PAH [. C. TopbyHos n U. A. TonyTBMH
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WN.T.TonyteuHa, U. A. TonytenH n b. C. Onpgawes B TawkeHTe
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BcTpeya pykoBoacTBa Konnabopaunm CMS ¢ rpynnoi y4acTHMKOB
n3 JI®B3 OUAW. Cnesa Hanpaso ctoAaT: C. B. AdaHacbes, UN. A. TonyTBuH,
P. KapauH (LEPH), A. NeTtpunnu (LLEPH), 0. B. Epwos;
cnaat: A. . Manaxos, A. B. 3apy6uH

NcnonHUTeNnbHbIN ANPEKTOP POCCMMCKOMN aKageMUN MHIKEHEPHbIX HaYK
A. A. Cobko Bpy4aeT W. A. TonytBuHy opaeH um. A. M. MNpoxoposa | cteneHun
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Bctpeua B lybHe ¢ amaepamu CMS 25 niona 2018 r.

17-a koHpepeHums RDMS CMS B [lybHe
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n. A. TonytBuH
¢ M. lenna Herpa
Ha ycTtaHoBKe CMS B LLEPH

N. A. ToNyTBUH C COKYPCHUKOM
no M®TU M. B. 3apybuHbim
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N. A. TonytBuH c pykosoacteom AO «KoHuepH BKO ,, AHTen-Anmas“».
CnpaBa — COKypcHUMK no MPTU E. M. Cyxapes

Nropb AHaToNbeBMY C cynpyroi MHHOM [eoprueBHoOm



HayuHnoe n3nanue

IKCHHEPUMEHTAJIBHBIE METO/bI
OU3UKHN YACTULL

Tpyzbl Hay4YHOTrO CEMUHApa, MOCBSIIEHHOTO
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